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RFQ-DTL MATCHING SOLUTIONSFOR DIFFERENT REQUIREMENTS*
D. Raparia, Brookhaven National Laboratory, Upton, NY 11973, USA

Abstract

The Radio-Frequency Quadrupole (RFQ) has a FODO lattice
and Drift-Tube-Linacs (DTL) in general aso have FODO lat-
tices. Therefore the natura solution for the matching between
theseisaFODO lattice. For matchingin all threeplanesonethen
needs sixteen degrees of freedom. However, different require-
ments, depending on the applications, may change thissolution.
For example, in the production environment (like medical and
industrial applications), one needs ®xed current and ®xed beam
quality. On the other hand, in the research environment one not
only needs all degrees of freedom, but may a so want to chop of
beam pulse. This paper discusses matching solutions for these
different requirements.

I. INTRODUCTION

To provide successful beam delivery from one device to an-
other, one generally needs a beam-line matching section con-
necting these two devices. The main functions of matching sec-
tion (MS) are (1) to match the beam into the following device
in al phase space, and (2) to provide space for useful (neces-
sary) diagnostics. A good M S should have these functions de-
coupled. The M S should provide sixteen degree of freedom: ten
are machine parameters, namely a., ., ay, By, o, 8. (@ampli-
tudefunction) and D.., Dy, D,,, Dy, (dispersionfunction) and six
trgjectory matching parameters Az, Az’, Ay, Ay Az, Az, |If
the RFQ and DTL areinastraight line( no horizontal or vertical
bend), then one only has ten constraints, namely six amplitude
functions and four tragjectory matching parameters. If the num-
ber of variables (knobs) isequal to number of constraints, wewill
call this solution an optimum solution (OS), and if the number
of variablesislessthan the number of constraints, thesolutionis
called over constrained (OCS). Finally if thenumber of thevari-
ables is more than the constraints, the solution will be an under
constrained solution (UCS). These solutionsmay have different
lattices, such as FODO [1], [2], [5], [6], [7], [11], FOFODOD
[10] or triplet [9].

The choice of solution will depend upon requirements and
limitations such as space, emittance growth, funding, etc. The
important i ngredients which go into the choice of the solutionto
minimize the emittance growth and particleloss are : (1) Physi-
cal beam size; there should not be asudden changein beam size.
In other words, the zero current phase advance per unit length
(/L) should have no discontinuity. (2) Space chargeforces; the
tune depression(~ ) should not be too low, (3) Neutralization;
in the case of H~, neutralization should be avoided, particularly
when the beam energy is low, (4) Diagnostics; there should be
enough space | eft for necessary diagnostics.

The most sensitive errors are the trgjectory position matching
errors. Emittance growth and particle losses are relatively less
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Figurel. TRACE3D Beam pro®lesfor OS (SSC MS)

sengitiveto the amplitude function matching errors. One can es-
timate the effect of these errors as follows: Position mismatch,

2
o — 141 (%) , and amplitude function mismatch, % =
90

2 og

2
AB

and o and o a?ethe rms beam sizes for unmatched and matched

beam respectively.

1. MATCHING SOLUTIONS

RFQs have FODO lattices and, generaly, DTLs also have
FODO lattices. Therefore, the natural choice lattice for MSis
FODO. To provide matching in all phase spaces, one needs two
FODO cdlls, two bunchers between quadrupol es, and four steer-
ers[1] (OS). The number of FODO cells may be less than two,
depending upon the requirements and limitations (OCS) [8] [6].
The number of cells may aso be more than two [2], in order
to provide extra constraints such as space for chopper, bending
magnet [5], etc (UCS).

Inthissectionwewill consider solutionsof each type. Wewill
usethe SSC RFQ [4] and SSC DTL Tank1 [3]. The output ener-
gies of the RFQ and Tank1 are 2.5 MeV and 13.4 MeV, respec-
tively and the noninal current is25 mA.
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QuadrupoleNo. | 5¢cm 7cm 9cm

Q1 (T/m) -125.01 | -126.47 | -126.80

Q2 (T/m) 149.63 | 15541 | 141.82

Q3(T/m) -125.82 | -108.06 | -38.22

Q4 (T/m) 140.29 | 112.07 | 7.581
Tablel

DTL First Four Quad. Grad. for 5, 7, 9 cm, MS(OCYS)
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Figure2. TRACE3D Beam pro®lesfor 5cm MS(OCS)

A. Optimum Solution (OS)

Figure 1 showsthe TRACES3D beam pro®lesfor the SSC MS.
This MS has four variable PMQs and two bunchers, to provide

six variables for amplitude function. The variable PMQs were _

also movable transversely to provide four steering variables to

match trajectory. It had enough space to provide diagnostics. -

The phase advance per S a the end of RFQ is22.40 deg, and
at the beginning of DTL was 20.85 deg. The tune depressionin
thissection is 0.92.

B. Over Constrained Solution (OCS)

In the production environment, one needs reliability rather
than exibility. The fewer the variables, the better the reiabil-
ity. Partia or full matching may be accomplished by atering a
few end cells of the RFQ and the ®rst few cells of the DTL.

In the following examples we have only drift lengths of
5,7,and 9 cm between the RFQ and the DTL and have used the
®rst four quadrupolesinthe DTL for thematching in thefollow-
ing cells, The ®rst four quadrupol e gradients for these cases are
givenin Tablel. TRACE3D pro®lesfor case of 5cm MS(OCYS)
are shown in Figure 2.

C. Under Constrained Solution (UCS)

In this situation, one might have to accommodate other con-
straints. For example, one might have to chop the beam pulse
length[9], or the DTL latticeisnot FODO[10], or o/ L isquite
different inthe RFQ and DTL [7].

We consider an RF chopper to chop the beam. We have
tried two solutions namely, (1) FODO lattice where choppers
are placed between quadrupoles and, (2) tripletsto providelong
drift space for one chopper. Inthe®rst case, a systematic search
was made for minimum number of choppers which could kick
the beam centroid at least 0.8 cm (beam pipe radius). The
TRACE3D beam pro®les are shown in Figure 3 for the FODO
solutionwhich was optimizefor the minimum emittance growth.
In thiscase we have four choppers, having plateswhich are 6 cm
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Figure3. TRACE3D Beam Pro®lesfor UCS (FODO).
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Figure 4. PARTRACE Beam pro®le for UCS (FODO) with
chopper.

long and 2.54 cm apart. The chopper pulseis about 5kV at few
MHz. These choppers are located at element numbers9, 11, 17
and 19 in Figure 3. This arrangment could kick the beam cen-
troid 1 cm off axis as shown in Figure4.

For the second sol ution, to provide 30 cm long drift space with
beam size less than 0.8 cm, we have used two triplets, and four
quadrupol esto bring the beam size lowly to match to the DTL.
Againthissolutionis also optimized for the minimum emittance
growth. Figure5 showsthe TRACE3D pro®lesfor thetripletlat-
tice. Again, thechopper operating parameters are same asabove,
but, instead four 6 cm long plates, it uses one 30 cm long plate,
corresponding to element number 9in Figure5. Figure 6 shows
the beam pro®lesthrough thissection. In thiscase a so the beam
centroid iskicked 1 cm off axis.

1. CONCLUSIONS

We have also done PARMTEQ and PARMILA calculations
for these cases. 1000 macro-particles were used to form a
matched beam into the RFQ. The same particles were followed
intheMSand DTL. Table Il shows the output emittances at the
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Figure 6. PARTRACE Beam Pro®les for UCS (Triplet) with
chopper.

end of TANK 1. InMSandDTL no particlelossoccurred except
in the case of UCStriplet where particlelossisabout 0.5%. The
emittance growthin casees of OS, OCS (5 cm) and UCS (FODO)
are reasonable.
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