« LA-UR-91-1525 -7 .
LA-UR--91-1525

DE91 013498 h

Los Alamos Nauonal Laboratory 13 operaied by the Univeraty of California for the Unded Sutes Depariment of Energy under conact W-7405-ENG-36

TITLE: BEAM-DYNAMNMICS DESIGN AND PERFORMANCE OF THE RF DEFLECTOR IN THE
LOS ALAMOS SINGLE-BEA!! FUNNEL EXPERIMENT

AUTHOR(S). F. Guy, K. r. Johnson, and O. R. Sander

susMITTED T0 Particle Accelerator Conf.,
san Francisco, CA
May 6-9, 1991

DISCLAIMER

This report was prepated ax an sccount of work sponsored by an agency of the United States
CGovernment.  Neither the United Stiates Guvernment nor any agency thereof, nor any of their
employees, makes any warranty. express of implied, or axsumes any legal Lisbility or responsi-
bility for the sccuracy, compleienesa, of usefulness of any information, apparatus, pruduct, or
provess dischoasd, or represents that it use would mot infringe privately owned nghts. Refer-
ence herein to any specific commercial product, process, of service hy trade name, trademark,
manufacturer, or otherwise dues mi neceaaurily conatitule ur imply its endorsement, recom-
nondauon, ur (avoring by the United States CGovernment or any sgency thereof. The views
and opinions of authors expressed heren do Mt necessanly state or reflect thase of the
United States CGovernment o1 any agency theroof.

Ry accagtancs of this artile (he publisher recognizes that tha U § Qavernnient retains a noneaciusive foyally i1ee hcense (o puslish of reproduce
the gubhmhed furm of (his contnbutiun o ) slow oithers fo do so. for (1 8 Government nurposes

The Los Alamns Natunal | shiratory requests that (e publisher identify this stiscle as work perfrmean under the suspices of the U 8 Depariment of | nergy

Los Alamos National Laborat
lJ@S A @m©$ Los Alamos,New pﬂzlexigo%?ﬂg
LR S MAR:!’:R e


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Beam-Dynamics Design and Performance of the RF Deflector in the
Los Alamos Single-Beam Funnel Experiment*

F. W. Guy,** K. F. Johnson, and O. R. Sander
Los Alamos National Laboiatory, Los Alamos, NM 87545

Abstract

Funnels in which two bunched ion beams are interlaced to
form a single beam have been proposed for high-current low-
emittance ion linacs. A well-designed funne! would produce a
beam with twice the frequency and current and almost twice the
brightness of each original beam. A single-beam funnel
experiment exploring the beam-dynamics and physics issues of
a discrete-elcment funnel has been completed at Los Alamos
National Laboratory (LANL). The only known beam-
dynamiics issue of concem in a two-beam funnel not addressed
was the beam-beam interaction, which is negligible. The rf
deflector, in which beam merging occurs, is a key component
of a discrete-clement funnel. We report the beam-dynam.zs
design procedure and experimental results ror the if deflector.

1. INTRODUCTION'

Low-emittance-growth funnel designs for low-beta, high-
current ion beams can be divided into a transport, a merging,
and a matching sections. The transport section matches the
incoming beam to the funnel-focusing lattice, brings the beam
(o the proper position anJ angle, and provides the proper beam
Courant-Snyder parameters for the merging section. The
merging section interlaces the bunches to inake a single beam.
The mawhing section prepares the beam for the next
accelerator. Charge-redistribution emittance growth [1] is
controlled in the funnel by maintaining constant or smoothly
varying focusing in the transverse and longitudinal directions.

The f deflector is a key funnel elemenL At its input,
bunches arrive off-axis and at an angle to the deflectior
centerline, The deflector bends them through a few degrees Lo
cxit along the centerline. Alicmate bunches, from 1he two
incoming bcamlines, are deflecled in opposiic direcuons o
form a singlc output bcam. In the single-bcam funnel this
deflection was accomplished by an aliemating electric field.

The Accclerator Test Stand (ATS) single-becam funnel
cxperiment (2] consisted of a transport and merging section,
The ATS 425-MHz, 5-McV drift-tube linac (DTL) produced
the H” funnel input beam. Expcrimentl objectives were to
explore the beam-dynamics and physics issucs of a low-
cmittance-growth funncl design and to validate compules codo
predictions. The only known beam-dynamics issue of concern
in two-beam funnels not addressed in the single-beam
cxperiment was that of beam-beam interaction. In this type of
design, beam-beam interaction occurs only in the merging
scction, and it has heen shown (3] that the major effect s to
dellect the beam at inost a few tens of microradians.

The funncl beam-dynamics design was a joint effor of
McDonnell-Douglas Corporation; Acc$ s, Inc.; and LANI,
[4]). The rf deflector design was by Walling et al. [5]) at LANL,
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II. BEAM-DYNAMICS CONSIDERATIONS

Consider a parallzl-plate electric deflector of length d with
a uniform time-dependent clectric field E] = Eq cos (@t)
perpendicular to the entering particle’s path. We neglect end
effects and the magnetic field. For small deflections the

synchronous particlo (which passes through the center of the
deflector at t = 0) will be deflecied through an angle [6]

x (@) =22 yin (Bl o
mocbe  BA
where q and m, are the particle's charge and rest mass, cf is its
velocity, v is the relativistic gemma, and A = 2 & c/.
Equation 1 shows that a x' maximum occurs when d = BA/2.
For a particle with phase o relative to the synchronous
particle, the deflection is (for d = §A/2)

%(0) =—23E2_ o8 (0) _ P
moxcho

Equations 1 and Z are approximatc. They show some
important points to be considered when designing a funnel rf
deflector. Equation 1 gives an upper limit to the deflection for
a given rf electric fleld and shows the mass, velocily, and
frequency dependence. Equation 2 shows that, for a compact
bunch (phase spread <1 radian), the difference in deflection
between the synchronous particle and a particle of phase o will
be approximately proportional to 02 since cos (0) = 1 - 0212
+ 044 - ... An f deflector produces transverse emittance
growth in a bunch partly because the head and tail will be
deflected less than the center even if the bunch is phased for
maximum deflection and minimum cmittance growth. The
shorter the bunch, the lugs transverse emittance growth, Thus
the bunch should be compressed in the transport section,
which may aid the longitudinal match ino the next accelerator.

A real deflector will have a nonuniflorm clcctric field,
perticuiarly at the ends. End cflccts contribule to cmitlance
growth; such growth occurs in all three plancs and depends
upon the configuration of the deflect r and the bunch's
configuration and trajeciory. A detailed calculation must
include the deflector and the rest of the funncl so that the
bunch is comrectly conditioned fo. entrance into the detlector.
All important funnel parameters must be optimized together .0
minimize emitance growth. Optimization was an ileratve
procedure using various codes (o calculate beamline clectric
fleids from given deflector pole tip and apcriure shapes; lo
transport bunches of particles through such felds {r beam
dynamics calculations; and to dectermine mrximum ' peak
surface clectric fields, frequencics, and power regnirements (3).

1I1. DESIGN METHODS

A funncl design stants with u layout based on geometrical
considerations such as dimensions ol the precading aceelerntors



(e.g.. RFQs), focusing periods, number of magnetic dipoles
required, etc. TRACE calculatons help determine focusing
quadrupole and rebuncher strengths and component spacings.
Equation 1 gives a limiting value to the deflection that can be
achieved in the rf deflector. This value is combined with
allowable pole-tip field strength and required focusing strength
in the defocusing quadrupole(s) preceding the deflector to give
approximate beam separation at the adjacent upstream focusing
quadrupole. This quadrupole is the last element of the transport
section. The masimum deflction angle is usually deiermined
by peak surface field on deflector poles. Transverse emittance
growth and maximum pole-tip field in the defocusing quadru-
pole can also limit the maximum angle. It is undesirable to
push the deflection angle 1o the limit in normal operation.
The ATS deflector was designed with a peak surface field of
1.7 Kilpatrick and a deflection angle of ~3.2°. It could reach
higher deflection angles at higher power without sparking [S].

In a deflector design. the geometry of the poles and the
entrance and exit apertures should be shaped for the highest
beam-bend angle with the loveest peak surface field. Plots
from CHARGE2D (a 2-D slatic clectric ficld code) for the ATS
design anc chown in Fig. | (onc quadrant of the pole and
aperture nose configuration) and Fig. 2 (electric field alony the
surface of the pole). The pole-lo-pole distance is specified to
be the minimam necessary for comfortable beam clearance.
Poinis of peak surface electric ficld will be where field lines
converge on the sur™ice (e.g., where the poles start 10 bend
away from cach oth.: at the tips and where the pole tips are
close 1o the entrance and exit aperture noses). Another high-
field point can be off the beamline, where the aperture noses
and the pole Lips curve away from each other. The latter point
does not show up on the 2-D calculation but must be
considered in the 3-D rf design [5). In the 2-D geometry we
ry 10 minimize and to keep cqual the magnitudes of the
surface elecrric ficld peaks. The goal is to maximize the
region of relalively uniform clectric field between the poles and
to minimize the region of the nonlinear fringe field at .he pole
tips (that contributces to emit .ice grow -h). The peak .urface
field calculated by CHARGE..D for the TS deflector | le tips
was ~15% larger than in the middle ot the poles. T' : pole
tips have a conslznt radins in the bend plane;  slight
improvement in peak ficld ' 1:ght result from shaping ¢ pole
tips 10 prodiee o more unil 1 surface clectrie ficld.

A uniform-field deflec or without end effects wouid have
tength BA2. A real deflec.or has end effects and it is not clear
how long the poles should be for an optimum cffective length.
As a first approximation, we chuose the "clfective end” of the
poles to be midway between the pole tips and the aperture
noses. PARMILA calculations with the ficlds for this
geometry allow onc to fitd a value for pole rf voltage that
gives the desired bunch deflection and velue for emittance
growth through the deflcecor. The deflector lengih is then
changed slightly und its shape optimized 1o produce the lowest
ik surface ficld and 10 equalize the two pesks’ inagnitudes,
The resulting ficlds are then used in nnother PARMILA
caleulation,  These iwrations continue witil 2 minimum
voltage is found for the desired deflection angle.  This
procedure results in a curve ¢, applicd rt volioge vs deflector
pole lenih tor a given beam detlection angle and ollows one
1o pr-k the proper pole tength (usually contesponding to the
minee am voltage). Entance growth remanns fairly constant

for small length changes, but there is a definite deflector length
for minimum voltage.
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Figure 1. Cross section in the bend plane of one quadrant
of deflector geometry from CHARGE2D.
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Figure 2. Surface electric field plot from CHARGE2D

for pole geometry in Fig. 1.

The requirements of transverse focusing provide a
constraint on deflector length. For minimum emitlance
growth we would like to gradually change the focusing lattice
along the funnel from that of the preceding accelerator o that
of the next one. Usually the next accelemator is 8 DTL with

distance between centers of the first quadrupoles equal to fA22 .

This leaves a drift gap considerably less than PA/2 between the
quadrupoles. The above procedure resulls in a deflector (with
aperture noses) of more than BA/2. A compromise is reached
by placing the quadrupoles in thc apcrture noses (lo reduce
distance between the magncts along the deflector), by gradually
oxtending the focusing latice length in the transport section 0
allow room for the deflector, and by gradually decreasing the
focusing length in the matching scction to match into the next
accelerator. The gradual increase and decrease in focusing
length produces less cha ge-redistribution emittance growth
than an abrupt change. For the ATS funncl the restriction on
deflector length due to focusing length did not apply sinco
there was no following acceierator. The focusing lattice was
cxpanded (0 allov’ plenty of room for the deflcctor.

For funuel calculatons, PARMILA has been modified by
adding 3-D space charge (a poini-to-point treatment) because of
the 3-D nature of the space charge in the merging section.
One version of PARMILA has a dellector subroutine that
transports particles stepwise through a 2., time-dependent,
clectric ficld map generated by CHARGE2D. Another version
uses a full 3-D map of static and time-dependent electric and
magnetic ficlds in its deflector subroutine.  The two
PARMILA versions did not give significantly difTerent resulls.



The 3-D fields are calculated by the MAFIA code, which was
used in the cavity rf design and has the full 3-D geometry [5],
and by PMELE, a permanent-magnet field code. In
PARMILA these fields are overlapped so :hat in the deflector
end regions the particles see the deflector rf electric and
magnetic fields and the static magnetic fringe ficlds of the
permanent-magnet quadrupoles. Other 3-D EM codes could be
used (o generate field maps. These modified PARMILA codes
were used in the design of the ATS funnel and deflector.
PARMILA does not take into account image charge forces
resulting from conducting boundaries near the beamline.
Image forces were included in a PARMILA-derived code for
calculation of a heavy-ion RFQ funnel [7]; there image forces
had little effect on emittance but did introduce some beam
stcering. Steering correctors are included in funnel designs
(e.g., movable focusing quadrupoles).
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Figure 3. Cross section of deflector poles, noses,
apertures, and magnets in plane of bend.

[V. EXPERIMENTAL PROCEDURES AND RESULTS

Figure 3 shows a cross-sectional skeich of the deflector in
the bend plane close to the beamline. Funnel diagnostics
included toroids 10 measure beam current and a movable
diagnostic plaie {2] (D-plate) on which were mounted
ransverse emittance measuring devices and beamline
componcnts for LINDA (8] (diagnostics for longitudinal beam
paramcters). The D-platc was installed to mcasure beam
parameters »* the enwrance to the defocusing quads upstream of
the deflecte . After the deflector and associated quads were
installed, the D-plate was placed downstream of the deflector to
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Figure 4. Deflection va rf phase at design voltage.

measure its output beam. Ream trajectories were measured vs
detlector if phase (Fig, ) and voluage (Fig. 5). Calculied and
experimental trajectonies agreed at the operating point of the
detlector (2], The measured emttanee growth (in all planes)

was small, within experimental variations, and consistent with
beam-dynamics code predictions {2]. No beam loss was
detected through the deflector at nominal rf phase and voltage
settings {2).
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Figure 5. Deflection vs cavily power.

V. SUMMARY AND CONCLUSIONS

An 1f deflector design for a funnel line requires atieation o
dewils. The whole beanline, including the preceding and
following accelerators, must be taken into account. Aitention
must be paid to the configuration of the deflector elements and
to the conditioning of the beam prior o entrance into the
deflector. The ATS single-beam funncl experiment showed
that, with present methods and techniques, one can produce
funnel aid deflector designs with very low emiitance growth.

1.0 ATS rf deflector was successful. Calculations and
experimental results agreed within cxperimental errors,
showing that rf and beam-dynamics design procedures were
correct and that no important physics was omitted in the codes.
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