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Abstract
The chopper s}stem for the Spallation Neutron Source

(SNS) provides a gap in the beans for clean extraction

from the accumulator ring . It consists of a pre-chopper in
the low-energy bean transport (LEBT) and a faster

chopper in the medium-energy beam transport (MEBT) .
We report here on the final design, fabrication,

installation, and first beans tests of the MEBT chopper .

The traveling-wave deflector is a meander-line design that
matches the propagation of the deflecting pulse \\itli file

velocity of the bean at 2 .5 MeV, after the radio-frequency

quadrupole (RFQ) acceleration stage . The pulses uses a

series of fast-risetime MOSFET transistors to generate the
deflecting pulses of +- 2 .5 kV with rise and fall times of

10 its . We describe the design and fabrication of the

meander line and pulsers and report on the first operation

during initial beam tests at SNS .

INTRODUCTION

The SNS linac will accelerate a 1-2 mA (average) H-
beam to I GeV for injection into an accumulator ring for

bunch compression . Beam chopping is required to
provide a gap in the beans, which is maintained during the

accumulation process and allows extraction from the ring

with minimal losses . A beam chopper in the love-energy
beam transport (LEBT) between the ion source and the

RFQ pre-chops the beam 111, and a fast traveling-\vave
chopper in the medium-energy beam transport (MEBT)

provides the final clean up of the chopping gap 121 . Tile

key parameters are listed in Table I . .

Parameter Value Comment s
Bean energy 2 .5 MeV 13=0 .073
Length 35 cm
Gap I .8 cnm Adjustable

Pulses voltage ±2350 V Max . ±25(X) V
Deflection angle 18 ntrad

Chopping period 945 its
Duty factor 32 17( 68 17c beam o n

Structure rise/fall time 1 .5 n s
Puler rise / fall time 10 ns 2-9817c

The MEBT chopper matches the electric wave velocity

along the beam axis to the beam particle velocity, thu s

Table I . MEBT Chopper Parameters

providing a rise and fall time determined mainly by the
rise and fall tines of the electric pulse . The SNS chopper
uses the same principle as the strip-coax helical structure
Successfully used in LANSCE/PSR for mane years 131 .

DESIGN CALCULATIONS

Electromagnetic calculations of various meander-lin e
structures were carried out several years ago to determine

the optimal design 14-71. An example of these calculations

is shown in Fig . I . Based on the calculations, a "notched"

meander line (see Fig . 2) vvas developed to concentrate

the fields along the axis and thus reduce cross talk .

t, ns 0 0 x, c m
Figure 1 : Deflecting field on the beam path versus time
and position in the notched-strip meander structure .

DEFLECTING STRUCTUR E

The design of the deflecting structure has been

described previously 14-71 .
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Figure 2 : The meander- line current structure with notches .

The etched copper structures were bonded to the cooled

support structure using a thermally cured adhesive .

Fabrication details are described in 121 . A finished

structure assemble is shown in Fig . 3

entering the linac . However, this scenario results in th e
maximum power dissipation on the chopper target. In

option 2, the LEBT chopper turns on first so that no beam

ever gets deflected onto the MEBT target . This option

results in no power deposited in the chopper target but

maximizes the amount of beam lost in the linac . In option

3, the voltage ramps start together while in option 4,

ramps end at the same time . The results of this study lead

us to prefer option 3, which minimizes the partial)
chopped beam entering the Iinac while producing

acceptable beam povtier on the chopper target . .
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Figure 3 . Finished circuit board glued to ground plan e

The electrical risetime of a complete assembly was

measured to be 1 .5 ns, including the interconnections and

vacuum feedthrough connectors . The chopper is

suspended from the lid of a vacuum box located just

downstream of the RFQ (see Fig . 4) .

Figure 4 . Completed MEBT-chopper structure assembly .

CHOPPER SYNCHRONIZATION

A recent paper 181 analyzed the synchronization
between the LEBT and MEBT choppers, as shown in Fig .

5 . The left-hand column shows the relative timing and the

voltage ramps of the two choppers, the LEBT chopper in
red and the faster MEBT chopper in blue The middle

column shows the corresponding current in individual
micropulses at the entrance to the DTL. The right-hand

column shows the current intercepted on the MEBT-

chopper target during the turn -on transient . In option I,

the MEBT chopper turns on first to minimize stray beam

l rll~Ii~>,~'L-Z o
Figure 5 . Chopper timing options shoeing LEBT and

MEBT voltage ramps, pulse current in the falling edge of
the chopper gap and pulse current on the chopper target .

PULSE GENERATOR
Both the test power MOSFET transistors and the 50-

ohn 1 pulse generator were designed and built by Directed

Energ, Inc . (DEI) . The two pulsers drive the top and

bottom meander lines at ± 2500 V with I0-ns (2 to 9817

risetime. The pulser layout is shown in Fig . 6, and the

operational characteristics are given in 121 .

Figure 6 . Chassis layout of the DEI PVX-3125 pulse
generator

Fig . 7 shows an examples of the output from one of the

pulse generators .
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Figure 7 String of four pulses (out of 1000 during a I-

ns SNS macropulse )

OPERATIONAL TESTS
The first tests of the MEBT chopper s\stem took place

during the DTL-I commissioning in October 2003 when

we tested the chopper with beam for the first time: We

demonstrated the specified rise/fall times of both the

LEBT and MEBT choppers separately, as shown in the

following beam traces .

Figure 8 . LEBT chopper gap measured past the chopper

target in the MEBT, measured rise/fall time is below
design value of 50 us .

Figure 9 . MEBT chopper gap measured past the chopper
target in the MEBT, measured rise/fall time is close to

design value of IOns

The measurements show partial chopping of about three

2.5-ns micropulses, as expected . Simulations shove that

these partially deflected micropulses mll transit the linac

without additional beam loss . As a result, we cancelled

an earlier plan to install an anti-chopper in the MEBT to

return these partially deflected pulses to the beans axis

Additional tests vrith synchronization of the LEBT and

MEBT choppers are planned for upcoming SNS linac

commissioning .
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