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Abstract Spectrometer Chopper 

Presented is the study of a possible chopping system for 
t,hc, advanced hadron facility and the Superconducting Super 
Collider. A 200-MHz RFQ may be preferable to lower fre- 
quency structures for the injection linacs of AHF and SSC. 
To achieve a pulse frequency of 50 MHz, a chopper must he 
tlcvclopetl to c>liminate three out of four bunches at the trnth 
of R percent level. Conventional choppers suffer from rise 
time, limitations due to the finite separation of the deflect,- 
ing plates. One alternative is a spectrometer chopper which 
modulates the energy of each burich and then separates t,hc 
t)uIlches with a spectrometer transport. Initial design studies 
are prescnt,cd for this concept. 

Introduction 

The low-energy injectors for modern accelerators usually 
consist of an ion source, a Radio Frequency Quadrupole ac- 
celerator (R.FQ), and a conventional accelerator (drift tube 
or coupled cavity). This system accelerates the ion beam t,o 
cncrgics of several hundred MeV for injection into higher en- 
ergy, circular accelerator systems. The low-energy injrction 
process is critical in det,erm’ ming the overall phase-space dis- 
tribltt,ion of the beam and in setting up the time structure of 
th? t)CilIll. 

An alternative approach to an rf deflector is to sweep 
the beam longitudinally with a 50-MHz rf cavity. The time- 
dependent energy variation of the beam is then coupled to a 
transverse deflection of the beam by use of a bending mag- 
net as a spectrometer. The unwanted micro-pulses are re- 
moved on an aperture as the beam sweeps across the t,rans- 
verse plane. To reduce the transverse cmittance growth in- 
troduced by this process, the longitudinal-transverse collpling 
is then eliminated with a second bend. The “spcctrome- 
ter chopper” system described above is illustrated in Fig- 
ure 1. Using this system might reduce the transverse emit- 
tance growth introducrd by a convent,ional rf deflector sys- 
tem, but at the expense of additional longitudinal emit,tance 
growth. Such a transport system has been studied and is 
feasible, though it may not be an optimal solution for all ap- 
plications. The tradeoff between longitudinal and transverse 
emittance growth must be studied more carefully and the best 
alternative determined for the particular application. 
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One of thr major objectives in the design of the low- 
cncrgy accelerator system is to limit the emittance growth, 
the tails, and halos of the beam. In addition to emittance 
growt,h considerations, designs of the low-energy injection ac- 
celerator must incorporate systems to tailor the beam hoth 
transversely and longitudinally. Losses for high average cur- 
rt'nt, 11cmns must be limited to reduce activation levels and 
ratliation dar~mgc along the accelerator. It. is also desirable to 
iut,rotlllcc~ the needed time structure on the beam while t,hr 
ham is at mcrgirs less than a few Me\‘. Such tailoring sys- 
tc,ms \~srlall~ consist of adjustable apertures and deflectors to 
sclcct iLIl(I scrape off thr unwanted portion of beam. 
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Proposa!s for the ad~~mred hadron facility’ and the SSC’ 
call for a 30.MHz micro-structure beam to be injected int,o 
the booster at the end of the linac. Studies indicate3 that 
the desired longitudinal emittance cm be achieved by ini- 
tinily bunching and accelerating the beam with an RFQ rim 
at fleqllc,ncies of 150 MHz or greater. This imparts a struc- 
tllrr of the same frequency on the hcam; therefore a chopper 
must, l)e included in the low- energy segment, of the accclern- 
t.or to climinatc the lmwanted micro-pulses, leaving a 50.MHz 
IlliCro-strllcturc. One such chopper proposed3 is an rf deflec- 
t,or to transversely sweep the unwanted bunches out of the 
Im~rn. This schemr could lead t,o some addit,ional transverse 
unit tance growth as the beam is being swtpt over transverse 
phnsc spncrx during the micro-p&P. 

Fig. 1 Layout of spectrometer chopper transport. Total path 
length 17 meters. 
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Thcrc are several constraints on the spcct,romcter chop- 
per transport, design. First it, must, have a huncher and 
spectrometer system to separate the unwanted pulses. The 
transport should br achromat,ic to minimize the effects of 
the bunchrr on the emit,tance of the beam. The spot size 
of the beam at the chopping aperture must be sufficiently 
large so as not to melt the chopping aperture. The beam 
must bc matched bot,h longitudinally and transversely to the 
downstream accelerator. This implies that several additional 
launchers arc’ needctl to ma.intain the longitudinal bunch strur- 
t,llrc of thr> beam as it passes t,hrough t,he t,ransport. 

The general brain parameters relevant to this stltdy arc 
presented in tabic 1. Based on general design studles.4 the 
upstream RFQ, between the source and transport, is chosen 
to run at 200 MHz and to accelerate to 1 MeV. One advantage 
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Table 1. Input Beam Parameters Used for Transport Design 

Energy 1 MeV 
Particles per Bunch 4 x 10 sprotons 
Twiss Parameters and Emittance 

ax -1.1 

aY 1.1 

p,, p, 4.5 cmlmrad 

EX’ Ey 0.2 1~ cm mrad, rms unnormalized 

a, -0.19 

Pz 11.6 ns/MeV 

EZ 9.7x10e3rr ns MeV, full unnormalized 

of using 1 Me\’ as opposed to a higher-energy beam is that it 
minimizes the power of the deflected beam on the aperture. 
The advanced hadron facility has beam pulses 1 msec long at 
peak currents of 22 mA. The energy contained in one beam 
pulse at 1 MeV is 22 Joules. When such a beam pulse is 
deflected onto an aperture, there is little time for the heat 
generated to dissipate through the material of the aperture. 
The beam size must be kept sufficiently large to reduce the 
beam power density, such that a single beam pulse will not 
melt thr aperture. Studies and experience indicate that a l- 
Me\’ beam with root mean square radius greater than about 
0.5 cm will not melt a thin, water-cooled, pyrolytic-graphite 
aperture. It should be noted that this constraint on spot size 
does not apply to the SSC which has beam pulse length of 
only 37 us. 

The upst,ream RFQ delivers s beam with a 200-MHz 
micro-structure. i\ 50.MHz micro-structure is desired. A 
50.MHz rf buncher is used to to accelerate one out of every 
four bunches such that they are accepted through the spec- 
t,romrter. This concept is illustrated in Figure 2. 

In addition to the 56MHz rf structure, several 200-MHz 
bunchcrs are needed to maintain the micro-structure of the 
beam through the transport. To avoid longitudinal emittance 
growth, the longitudinal extent of the beam should be kept 
within about a half cycle of the 200-MHz rf. Even within this 
constraint, the effect of the bunchers is highly non-linear. To 
model t,hc longitudinal motion of the beam, a simple tracking 
code was developed to integrate particles though the trans- 
port structure. The input distribution, the beam pulses as 
separated in energy space by the 50-MHz buncher, and the . . resulting output distribution are shown m Figure 3. Less 
emittance growth can be achieved with closer-spaced bunch- 
ers. but, room is also needed between bunchers for focusing 
and bending elements. 

The transverse optics of the transport are studied with 
the code TRACE. This code calcuiates the envelope of the 
beam lising a Gaussian optics approximation and it includes 
the effects of space charge to first order. Figure 4 shows 
the transverse envelope of the beam through the transport. 
The first bender of the transport is used as the spectrome- 
ter. The dispersion of the transport at the chopping aperture 
is 3 cm/%Ap/p, Peak gap voltages of 17 5 kV are needed 
across each of two gaps in the 50-MHz buncher to separate 
the bunches by 5.2 cm at the aperture. The half-widths for 
9s percent of the beam, including the effects of dispersion, 
are 1.3 cm for the on energy pulse and 5.2 cm for its neigh- 
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Fig. 2 Representation of “spectrometer chopper” transport. 
Beam from the upstream RFQ has intial micro-structure of 
200 MHz. The low-frequency buncher in the transport runs at 
50 MHz, accelerating each beam bunch as indicated above. 
A bending magnet separates the bunches and the unwanted 
bunches are scraped off on slits. The remaining beam has a 
50-MHz micro-structure and is injected into the next 
accelerator. 

hors. To reduce the effects of dispersion, a symmet,ric design 
is used with the eight quadrupoles between the bending mag- 
nets used to achromatize the tune. The last four quadrupoles 
in the transport are used to match the beam to the down- 
stream RFQ. 

In addition to a fast deflector as described above, it is 
desirable to include a conventional deflector to eliminate ad- 
ditional micro-pulses. The deflector needs an effective rise 
time of 19 ns. There is sufficient space t,o add a conventional, 
traveling-wave deflector between the two bending magnets. 
For a plate separation of 6.0 cm and a length of 100 cm, 
1.8 kV is needed on each plate to fully deflect the beam. A 
6-cm plate separation also implies that a minimum rise time 
of 5 ns can be obtained, which is well within the desired value. 

Conclusion 

The use of a 50-MHz rf bunching structure and a spec- 
trometer provide an alternative method for fast chopping of 
low-energy ion beams. To minimize emittance growth in high 
current accelerators, it is desirable to begin the acceleration 
process immediately after the ion source and to use as high 
an rf frequency as possible. At energies of 1 - 2 MeV it is 
often desirable to introduce a transport section to tailor the 
beam before further injection. Micro-pulse separation can 
be obtained with an rf structure which differentially acceler- 
ates micro-pulses and then separates them transversely with 
a spect,rometcr. The above study shows the feasibility of such 
a structure for use in the advanced hadron facility and pos- 
sibly SSC. Detailed studies of this design with codes such as 
SCH4R5 still need to be performed to determine the emit- 
tance growth. These results must be compared with alterna- 
tive chopper schemes to determine the optimal solution. 
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Fig. 3 Results of longitudinal tracking a) input distribution, 1000 

particles, &/rr=2.4xlO-” MeV ns. b) five bunches after 50 MHz 

buncher, 200 particles in each bunch. c) distribution of central 

bunch at the end of the transport, Elx=2.7x10-3MeV ns. 

Fig. 4 Results of TRACE calculations, including space charge; horizontal -and vertical - - envelopes 

for 98% of the beam. 
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