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PROPOSED BUNCHING SCHEME FOR A POLARIZED H INJECTOR

George R, Swain and Andrew A, Rrowman
Los Alamos National Laboratory
P. O, Box 1663, Los Alamos, NM 87545

Improvements to the polarized H™ injector at
LAMPF will include a two-stage buncher and beam chop-
per. The buncher scheme will permit the compression
of a major part of the current in 20 rf cycles of the
drift-tube linac (100 nsec) into a single rf cycle (5
nsec), thus maki: ; possible time-of-flight experiments
with the polarized H™ beam. A proposed first buncher
stage would use a ramp drive waveform; the second
stage, a sinusoldal waveform. Design and sensitivity
calculations are summarized, {ncluding beam energy
considerations, buncher and chopper drive require-
ments, and longitudinal and transverse beam dynamics.
The calculations indicate that about 70% of the beam
from the source may be bunched in the 1l-nsec
acceptance region of the linac, with less than 0,1% of
the beam in neighboring rf cycles,

1. Introduction

The 1injector for the polarized H™ {on beam (P~
beam) i3 one of three i{njectors for the linac of the
Los Alamos Clinton P, Anderson Meson Physics Facility
(LAMPF) at Los Alamos National Labcratory. An
accelerating column brings the P” beam to 0.75 MeV,
and a transport line combines this beam with those
from the other {njectors and brings it to the entrance
of a drift-tube linac operating at 201,25 MHz. The
present transport line includes a spin precession mag-
net, a P~ prebuncher, an electrostatic inflector and a
bending magnet (these produce 9 degree bends in the
beam line at the points where the other beams come
in), a main buncher, and magnetic quadrupoles as nec=-
easary for transverse focusing.

Planned improvements for the P~ line {nclude
changing from a Lamb-shift source to an
optically-pumped ECR source, and adding a two-stage
bunching system. This paper only deals with the

bunching system portion of the {mprcvements,

The proposed bunching scheme will permit the com-
pression of most of the current in twenty drift-tube
linac rf cycles into a single cycle, thus making pos=~
sible time-of-flight experiments with the polarized
beam. (If only a chopper 18 used to sgpace out the
beam pulses, the {ntensitv of the beam would bhe too
low.) New equipment necessary to lmplement this
scheme includes a  ramp huncher, a low-frequency
prebuncher, and a chopper, as shown Ln Flg, 1, The
ramp buncher {34 the first bunching $tage, and will
i{ncorporace a section of beam tube with a sawtooth
voltagze waveform applied. It wi.l be located {n the
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Fig. 1

’ (not shown to scale)

P~ high-voltage dome. The low~frequency prebuncher is
the second bunching stage, and will use an rf cavity
located downstream of thte accelerating column and gpln
precession magnet. The chopper will be located in the
vicinity of the low-frequency prehuncher. (The chop=~
per i3 necessary to take out the small fraction of the
P~ beam which cannot be bunched within the single
intended linac rf cycle.)

2. Design Considerations

At low beam energies, transit-time effects are
important. It i3 planned to use wire grids at the
entrance gap of the ramp buncher to confine ithe fields
to a small space and thus minimize the effect of the
retrace portion of the sawtooth waveform. (The beam
will be partly bunched by che time it reaches the exit
gap, and grids will not be necessary there.) The
chypper will bhe of the slow-wave type.

For a twe -atay: buncher to work effictently, the
voltage swing used for the first stage should be large
compared with the energy spread ir the beam, but yet
reasonably small compared with the voltage used at the
second stage. The required voltage swing increases as
the beam energy 18 {ncr:ased and decreases as the
length of the bunchiag section i3 increased, Also, as
the required voltage swing :s increased, the design of
the power supply to drive the ramp buncher becomes
more ditficult,

Tho  length between tte ramp buncher gaps should
be a mult!ple of 3%, where B8 Js the relativistic
velocity and X {s the wavelength corresponding to the
ramp waveform fundamental fraquency, This {8 neces-
sary 1In order to keep th: beam bunch away from the
retrace portion of the ramp waveform at the second
gap. Since such a gpacing f,r the second gap produces
a debunching acrion at that jap, it is advantageous to
place the gaps as many B\ lengths apart as possible,
in order to keep the required ramp voltage swing down,

The pertiod chosen for tle ramp buncher should he
large enough to permit i{ntetesting time-of-flight ex-
periments, but not so large that the bhunching eff{-
clency falls off too much, (See Fig, 2 for an example
of the variation of bunching etficlency with ramp
period.) [ncreasing the period also ifncreases the
required voltage awing for the flrut stage,

At LAMPI', the present anargy seprezd of the heam

from the P7 jource is estimazed to be less than 50 ¢V
To have the ramp “uncher work properly, it
probahly

(9210 ev),

19 thuy necessary to accelerate the 500 eV

To matin bunchor,
quadrupotes & 1inac

Schamatic of P beam 1ine, with new equipment neeaded for hunchiiug system (underlined {tens),
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Fig. 2 Amount of beam which can be bunched in 1 nsec
at 0.75 MeV versus ramp period with a ramp

buncher (about 40 cm long) and low-frequency
prebuncher for an initial beam with o=10 eV
energy spread.,

beam comlag out of the source to a higher
the order oI a

energy, on
few kilovolts, before applying the
bunching. The bunching efficiency falls off as the
energy spread iIncreases, One series of calculations
indicated the fraction of beam that could be bunched
in 1 nsec at 0.75 ¥V decreased about linearly from 80
to SuU% as o went from 20 to 150 eV.

After the ramp buncher and accelerating column,
the P~ beam will pass throngh both a low-frequency P~
prebuncher and a 201,25 MHz main buncher, (The matn
buncher amplitude 1is set for the other beams, and is
not a free parametec for use in the P~ bheam bunching
design.) The  calculations  indicate that the
low-frequency prebuncher amplitude needs to be about
26 kV peak to bunch most of the beam in the l-nsec
wide acceptance region of the linac.

With the space and other constraints discussed
above for LAMPF, the calculations indicate there i3 a
window of feasibility for the two-stage buncher scheme
for beam energies in the 4 to 7 keV range at the ramp
buncher and for periods at least tn the range of 16 to
20 times the linac rf pr siod.

3. Analysis Tools and Techniques

The general plan of analysis was to examine the
longitudinal beam dynamics in detail, and then check
certain aspects of the transverse dynamice or combined
longitudinal and transverse dynamics as needed, The
longitudinal dynamics were atudied with a computer
code named LTAB, which follows the velocities and .1r-
tival times of sn array of particles., LTAB ‘nc¢ludes
provision for modeling accelervatinrg columns, choppers,
aund buncher cavities, as well as griddad or ungridded
gaps in the team pipe with d¢, ramp, or harmonic
voltages appiled. The code allows up to 51 different
inftial energias and up to 200 different {nitial timas
within the low-frequency pertod. The dlfferent parti-
cles over the eneryy mpace arce not assumed to repre-
sent equal heam currents; a welghting function assigns
{mportance to them according to the (tuitial energy
spread distribution, and another functlon keeps track
of the fraction of beam removad by the chopper Jurtug
the chopper pulre vise and Fall times, {f applicable,
Sensitivity calculations were unad to  Ammign
tolerancea for the varioua design valuma, Considura-
tions whan v.rylng a parameter to test {te mensftivity
included weeir.g that the frection of heam hunched {n |
neae At the linac entrance did not fall ofy more than
A favw percent, that the tota) pulme width at the linac
entraence stayed well within wne rf perfed and  the
pulve  atayed raamonably aymmetric, and that the
average heam enaryy wan ot aeriounly affected,
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Example of output from a parameter gensitivity
calculation, {n this case, the sensitivity of
transmission to chopper rise time and jitter,

Fig., 3

Figure 3 shows an example of a graph for a particular
sensitivity study.

For studies involving transverse dynemics only,
the envelope tracing code TRACE was used, For exam~
ple, the low-frequency prebuncher increases the energy
sprecd of the beam, and this code allows one to check
the beam centrcid shifts at the linac entrance arising
from displaced-energy components of the beam golng
chrough the {nflector and bending magnet. TRACE s
also wuseful 1in determining quad magnet set:iings to
achieve a desired (rangverse beam matching at the
llnac entraance.

Another particle-tracing code named RAY has been
developed to study the combined longitudinal and
transverse bheam dynamics. RAY allows one to examine
the transverse emittance growth occurring at ramp or
harmonic buncher gaps, the spin precession magnet, and
at bending elements. The {input file format for
specifyiny the beam line alements for RAY {s ftdentical
for many types of elemunts to that used in the Input
file for the new LAMPF version of TRACE, which makes
shifting from one code to the other fatrly
straightforward, Particle coordinate output from RAY
may be obtained in the same format as that trom the
detft-tube linac analysis code PARMILA, and hence che
output processing programs written for PARMILA may be
used for RAY output,

4. Othar Transport lire Considerations

The focusing elements need to be saet such that
the beam {8 reasunably small transverxely at ungridded
ramp buncher gaps and at the prebuncher, inflector,
and waln buncher. .t 1s destrable to keep the
peak-to-valley ratio for the transversa beam profiles
aw low an possible i{n order to make the tune {nsensi-
tive to wmall parameter changesa, 1In the case of the
P” line at LAMPF, the last part of the 0,75 MoV
transaport line has  to be sat up to accommodate the
higher currents of the other bheams, and a  high
peak-te-valley rcvatfo (mae Fig., 4) (s unavoidable,
Six-dimanatonal particie-tra {ng caleulations using
the RAY code were uned to check that the addit{onal
haam enargy spread {ntroduced by the vartoun  bhunching
stagan did not produce an undues amount of tranuverde
eufttance growth, The calculatlons Indteate that  the
oxpacted  heam hunch may be  placed well within the
trandvarse admittance reglonm for the linac (Fig. %),
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Fig. 5 Expected beam bunches at the linac entrance.

The ellipses 1indicate the acceptance regions.

5, Specifications and Drive Requirements

For a bunching scheme with a ramp buncher just
before the accelerating column and for which the cur-
rent in 20 rf cycles at 201.25 MHz {s to be compressed
into one c¢ycle, the design and sensitivity results for
the proposed P~ beam bunching components may be
summarized as follows:

Ramp buncher beam and construction specifications:
Incoming beam energy, 5500 * 30 eV
First gap (gridded gap: grid may be efither
parallel wires or mesh, a few % beam losi):
Length of gap, 0.5 * 0,1 c¢m
Grid wire: 0.,00254 ¢m (1 mil) tungsten
wire assumed
Grid wire apacing, 0.5 c¢m preferred
(0.1 to 0.6 cm feasible)
Second gap:
Length of gap, 1.0 * 0,2 ¢m
Diameter, 7.62 * 0,20 ¢m
Length between gap cencers, 44,34 % 0,10 em
Length, 2nd gap to accel, column, approx. 7 ¢@
Ramp waveform specifications:
Total ramp period, 99.38 unsec
(20 times 201,25 MHz rf verind)
Retracve time, 10 nece arsumed
Ramp voltage swing:
Peak~-to-peak voltage swing, 2500 V
(allow up to 3000 V)
Repeatabtliity needud tor voltage swing,
100 v
NC componant of ramp voltaga, 6000 % 30V
with respect to P7 dome (ramp voltaye
awings From about 4750 V to about 7250 V)
Permisgible time jitter for remp, * 0.6 naec
Permlasible deoop from Hnear vamp,
1o e Ledn (efreutt RC time conatant,
Y hec or graatar)
Clisott capaeitance (edtimaten)
Ramp bunchar tubes and gaps only, 50 pf
Conpicie with cable and feed-throughs,
100 to 200 pt
Penk current (during retrace time),
2% A LE € o= 100 pf

Stability required for gate width, *t 2 nsec
Permissible time jiiter for gate, ! 2 nsec
Rise and fall time ‘or fate, 2 to 6 nsec

6. Staging

It {s planned to ({nltially use a sine-wave
buncher 1in the P~ dome in place of the ramp buncher.
The powetv suppily £fvi a sine-wave buncher {s much
eagler ton design than the suuply for a ramp buncher,
and this will allow us to deter the ramp buncher sup-
ply development unti{l after the chopper supply devel-

opment 18 complete, With enough voltage, one amight
use the same gap configuration for the sine-wave
biacher as for the ramp buncher, Howevcr, we expect

to use ungridded gaps (spaced 31/2 apart) placed as
f+r upstream as possible in the space which eventually
may be occupled by the ramp buncher.

7. Further Work

Further studies will see {f there 1s any useiul
advantage to placing the first buncher stage upstream
nf{ the ladt ~rlectrostatic lens eloments {n the P7
dome, and check that the final buncher sysatem designs
will work adequately with a beam from the futura
vptically=-pumped ECR source,

Ay Conclunions

The analydls of the provosed P7 hunching  wscheme
indicates that about #5% of the current ariting the
argon cell in the P7 dome {n a time lntecval equal to
20 rf cycles of the drift-tube linac may be bunched
fnto one rf cycle, Approximately 70% of the current
exiting the argon cell may be compressed within the
one nanosecond tnterval that {9 accelerated hy the
drift-tube linac, [t {3 expected that the current in
the satde lobea (adjacent rt cyclas) may be held to
lags  than O, 1%, since the valeulaticns (which coveroed
200 tntttal times and 1 inftial energlies over a 'io
rangn) showed all  of  the partlclen vemainfng after
chopping to lle within a 4 naec foterval at the gttt
of the drift-tubte tinac, which {s within BO% of one v
cycles Transverae emfttance growth ari{saing from the
tntroduction of tha bunching stages does not appear to
be oxcenslve,



