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Abstract and ‘down’. Since the good beam also sees some voltage
due to the finite transit time of the beam bunch through
A ten segment traveling-wave chopper has bedhe plate region, portions of the beam pulse are deflected
constructed and successfully tested at 5% of the designsiightly both up and down causing an emittance growth of
MHz repetiton rate. The chopper must removdhe transmitted beam. A similar energy gain effect also
unbunched tails from a partially bunched heavy-ion beatfkes place due to the entrance and exit fringing fields of
in order to avoid undue emittance growth in the linac ari¢ chopper. Thus such a device has a significant
the production of undesirable satellite beam bunchedétrimental effect on beam emittance. The magnitude of
When poorly bunched beams traverse a chopper, tHe effect depends on the time width of the beam bunch at
traditional sine wave chopper produces unacceptaifée chopper. If the chopper can be located in a location
transverse emittance growth and unnecessary beam |9¥h a narrow bunch width these effects can be minimized
Emittance growth and unnecessary beam losses ad acceptable performance is possible. The geometry of
expected to be much reduced in the traveling wavk new bunching system in the ion source region of the
chopper. These first tests have confirmed the validity #fTLAS Positive lon Injector(Pll) does not allow the
these claims, clearly showing much reduced transvergBopper to be located at a location where the beam time
emittance growth as compared to the original sine wavédth is narrow and the resulting emittance growth from a
chopper and excellent selectivity for the desired bearfine wave chopper will be unacceptable.
Details of these tests will be presented and compared to Therefore a new non-resonant traveling-wave
calculations. Operation of the new chopper at the full 1#ansmission-line chopping system (TWC) is being
MHz rate is the next goal. Development of a driver powefeveloped which can largely eliminate the emittance
supply capable of full CW operation will also pbegrowth effects described above. The conceptual design
described. and modeled performance has been previously reported
[1]. This paper describes the final design and first low

1 INTRODUCTION duty factor tests of the chopper.

Excellent beam quality is an important feature of
heavy-ion beams provided to the research program by the 2 CHOPPER DESIGN
ATLAS superconducting linear accelerator. The measure The TWC consists of ten shielded plate pair segments
of beam quality includes relatively low emittance, smafifranged transversely to the beam, like rungs on a ladder.
spot sizes with little or no halo, small energy spread, arid'e top plates of each section are a portion of one
when requested excellent bunch time width (<200 pgEntinuous impedance-matched transmission line as are
FWHM) on target. In order to make use of theséhe lower plates. Such a system can propagate a well-
properties, a rather larger bunch period of 82.4 ns fgrmed voltage pulse down the line with a group velocity
provided meaning that only every sixth or eighth Rmatched to the velocity of the bunched beam traveling
bucket is filled with beam. between the plates. The deflector plates have a center-to-

To achieve these beam quality goals, a two Stag:@nter spac_ing of 4.5 cm which corresponds to a 17.6 ns
bunching systems converts the DC beam from the id@n transit time between plates. The deflector plates are
source into a beam with a 12.125 MHz bunch structuréolated from each other by field clamp electrodes which
The system is able to adequately bunch approximatﬁﬁO can be biased with a DC voltage to fine tune any
70% of the DC beam into acceptable pulses, but t ight beam deflection from incomplete voltage shutoff on
remainder of the DC beam must be removed in order tBe deflector plates. Stripline electrodes are supported by
provide the correct bunch structure and beam qualitflexiglass plastic strips which provide critical spacing to
This unbunched beam ‘tail’ is removed with a verticallfnaintain the proper RF impedance. Three sections of the
deflecting electric beam chopper. chopper plate assembly are shown schematically in

The beam chopper which has been used up to nowfgure 1 in relation to the beam direction.
ATLAS is a resonant ‘sine wave’ chopper. Bunches are The deflector's characteristic impedance is Q25
phased so as to arrive at the center of the chopper platéich results from the stripline electrode gap of 3.8 cm
as the sine wave passes through the zero voltage poffitid width of 1.5 cm. Each of the stripline electrodes is
The chopper therefore operates at half the frequency @tached to a pair of 12bcoaxial connectors. Coaxial
the bunch structure deflecting the unwanted tails both ‘ugable delay lines are connected in series with the stripline
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Figure 1: Schematic of TWC deflector plate assembly
and its incorporation into the overall transmission line.
deflectors. The delay lines are used to match the chopr'J:eI ure 2: Sphe_matm of the TWC and tetrode final stage
. ; : - with FET grid drivers.
pulse propagation time to the beam velocity. Transition

Lrom stnplme geometry to coaxial geometry is famhtateo(l) up to 1000V. Pulsing the tubes into conduction causes
y tapering the stripline electrode ends. The tapered e

are paired with a special ground plane electrode assem I8 amperes of plate current to flow for about 20 ns. The
P 1asp 9 plane €t pL}/Ise of current reduces the deflector electrode voltage to
(not shown in figure 1) that maintains the @25

impedance. The chooper electrodes and water—coolé@ro just as an ion bunch enters the deflector array. The
P ' PP Zero volt window propagates through the transmission line
ray in phase with the desired beam pulse terminating in

delay lines are contained in a 0.56 m long by 0.44 m inngF
diameter cylindrical vacuum chamber. the 12%) resistor load. This occurs at a 12.125 MHz CW

Each of the nine 3.35m-long delay lines are made from
122.5) semirigid coaxial cable[3]. The coax center
conductor diameter is approximately 0.0325 cm. Th

small cross section results in significant ohmic heatingS possible in the voltage pulse. The effect is weighted by

which requires direct cooling. A water cooled stalnle?-@e fraction of transmitted particles in the tail regions.

stee[ form IS used to suppo_rt the nine delay lines a ven this effect is lessened compared to the sine wave
provide cooling. The delay lines are coiled on the water

cooled form and indium soldered for good therma?hOpper since the deflection is always in the same

contact. About 120 watts will be disipated along thd|rect|on for the traveling wave chopper, whereas the
delay line during normal chopper operation. The la

ading and trailing beam tails are deflected in opposite
stripline deflector is terminated in a 254000 watt air- irections in a sine wave chopper.
cooled resistor array.
In the quiescent mode, the plates have a vertically 3 FIRST TEST RESULTS
deflecting voltage of up to 1000 volts, effectively The prototype chopper system was mounted in a
blocking the transmission of any beam through the devid@&cuum chamber on the PII injection beamline. A photo
by deflecting all particles vertically onto a set of slits 2f the prototype assembly is shown in Figure 3. The delay
meters downstream. When a bunched beam pulse arriligg for this test was made from RG-63 coaxial cable with
at the start of the deflecting plates, a zero voltage pulsetd¢ outer insulator removed to improve it vacuum
17 ns width or greater is propagated down the Chopp@(r,operties. Even so the vacuum obtained was barely
providing a transmission window with no deflectingddequate for these tests and even at 5% duty cycle,
voltage as seen by the desired beam pulse.  Athaticeable outgassing of the cable occurred.
repetition rate of 12.125 MHz this generates up to 1648 A beam of 538 keV°0"" with a velocity of 0.0085c
watts of heat into the termination resisitor. was provided by the ATLAS ECR ion source and bunched
Three Eimac [4] 4CW2000A tetrode vacuum tubes arey @ 4-harmonic buncher operating at 12.125 MHz. For
used in parallel as an electronic switch. The plates of tHdis beam, a voltage of 500 V was adequate for complete
tubes connect to the chopper transmission-line assemb§am cutoff using only the upper delay line. The lower
as shown in figure 2. When the vacuum tubes are cut off¢lay line was used as a DC ground plane. A DC offset
chopper electrode voltage is maintained at the cutoff valy@ltage of -150 volts was applied to the lower ground

Particles in the timing tails will see some deflection.
his is minimized by producing as fast a fall and rise time

996



Volts

E SLE _ I i 1 ' i . . = - P =
Figure 3: Photo of travelling wave chopper transmissi
line deflection plate assembly with clamp electrodes in

1000 H—————— - - - - - - - - -

4o

ENPPRPLY

[Eny
o
w
o
a1
o
~
o
(o]
o

Time (nsec)

Figure 4: Actual pulse shape waveform achieved in
prototype tests of the TWC. Total voltage fall time is
approximately 15 ns.

Table 1: Measured growth of the beam emittance of)
538 keV'*0°* beam due to the effects of a sine wave and
draveling-wave chopper (TWC).

place. A portion of the ground plane electrodes are shown Bunch — Chopper %, &

to the side. Width (ns) Type  (mmmemr) (Ttmmemr)
3.0 none 0.09 0.09

plane electrodes to minimize beam steering arising from 3.0 sine 0.13

the inability to completely achieve 0 volts on the 18 sine 0.17

transmission-line electrodes. For these tests, a power 3 TWC 0.10

supply with the required power and rise time was not 18 TWC 0.12

available and a smaller supply was used, limiting the tests

to a 5% duty cycle. REFERENCES

At 500 volts applied deflection, excellent pulsg1]
definition was achieved. The achieved voltage pulse
waveform is shown in Figure 4. No beam leakage
between pulses was observed. 100% cutoff was achievézl.
These results are in agreement with the calculated voltage
and indicated the system was working as expected.

The transverse beam emittance was also measufgfl
using the quadrupole method [2]. The original, and sti[4]
used, sine wave chopper was also immediately upstream
of the new chopper and so it was possible to measure the
transverse beam emittance with both devices and obtain a
direct comparison. Emittance measurements were
obtained using both choppers for beam bunch widths of 3
ns and 18 ns FWHM as the beam traversed the chopper

plates. Table 1 shows the results of those measurements.

The emittance degradation in the chopping plane caused
by the sine wave chopper is dramatically demonstrated,
especially for the poorly bunched beam. In contrast the
TWC shows no emittance growth for narrow pulses and
less than a 25% increase in emittance for an 18 ns wide
beam. Completion of a full power version of the TWC is
expected by the end of the year.
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