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Abstract

Fermilab is considering the implementation of a high flux
pure kaon beam in order to study rare K± decays and to
produce K0 beams for KL-KS interference experiments.
The 22-25 GeV/c kaon beam is produced using an RF cav-
ity beam separator scheme which rejects most of the more
numerous pions and protons emitted from the production
target. With a beam spill time of 1 sec out of 3 sec, super-
conducting cavities are preferred for providing the required
transverse deflection. Although the separator scheme is
not a new idea, the technology involved with this program
will push the envelope of RF superconductivity technology.
Cavities operating at 3.9 GHz in the TM110π mode are
under evaluation. An R&D program to construct and test
these cavities has been initiated. A goal of 5MV/m deflec-
tion has been chosen. Description of the superconducting
RF R&D program and status will be given.

1 INTRODUCTION

The new Fermilab Main Injector will produce intense ex-
tracted proton beams of 120 GeV/c momentum for fixed
target experiments. Design intensity is3 × 1013 per pulse
at a 3 sec cycle time with a 1 sec extracted spill duration.
A fraction of the beam (5×1012) would be used to provide
secondaries for a 22 – 25 GeV/c beam line with a yield of
up to≈ 2 × 108 kaons to the high energy physics experi-
ments.

The kaons would be “separated” from the other secon-
daries (primarily pions and protons) by RF cavities operat-
ing in a transverse deflection mode (TM110,π). The long
spill time and 1/3 duty factor require that superconducting
resonators be used. RF separated beams have been around
for a long time[1] and a version using superconducting cav-
ities was implemented at CERN in the 70’s[2].

The separated beam principal is as follows. The pri-
mary proton beam strikes a thick target, and the emerging
hadrons pass through a momentum selection stage, which
in this case is a chicane. The particles then are primarily a
mix of protons, pions, and kaons of the same momentum
but with differing speeds. Speed selection is accomplished
by two RF stations that are designed to provide transverse
deflection. The distance between the stations, resonator
frequency, and the relative phase of the RF are selected so
that kaons will be transmitted to the users, while pions and
protons will be rejected. The transverse optics between the
two RF stations is set to provide±I. Thus the deflection
of the beam particles emerging from the second RF station
will depend on: the phase at which the particles enter the
first station, the relative phase of the two stations, the RF
frequency (f ), the distance between the stations (L), and

the speed of the particles (β) relative toc. It is possible
to choose a particularfL product such that for a specific
β, a “closed” beam bump is produced so that there is no
resultant deflection after the second station independent of
the particle arrival phase at the first RF station. Particles
of other velocities will arrive at a different time at the sec-
ond station so the resultant bump will not be closed and
they will have a net deflection dependent upon their arrival
phase relative to the first station. Thus if the RF deflec-
tion takes place all in one plane (h or v), the result will be
that one particle species will have no resultant kick whereas
others will be swept into a fan. If circular polarized RF de-
flection is used (say by each station having horizontal and
vertical deflection 90 degrees out of phase) then one species
again has no deflection and other species will exit in a cone
about this central trajectory. The cone angle will be depen-
dent on the relativeβ of these other species.

For deflection in one plane, kaons are produced in a fan
and the unwanted protons and pions are directed straight
ahead into a stopper plug. In the case of conical deflec-
tion, the station to station RF phase is chosen so kaons are
undeflected and the protons-pions would be stopped in a
collimator with a hole.

Because of the relatively short charged kaon life time,
12 ns in its rest frame, it is desirable to keep the beam line
short. At energies of interest the pion speed is very close to
light and the difference in time delay from the first station
to the second between the pion and a K or p can bewritten

∆t = (Φ/2π)/f = L/(2cγ2)

or

fL = 2cγ2(Φ/2π),

whereΦ is the relative RF phase delay.
If a frequency-distance product,fL, is selected so the

the proton arrives at the second station2π after the pion
the the kaon will be at a phase delay of aboutπ/2. This is a
result of the circumstance that the mass of the kaon is about
half that of the proton. We have chosen an RF frequency of
3.9GHz as the upper limit to be acceptable from the point
of surface resistivity, thermal conductivity and experience
with superconducting cavities. This leads to a station to
station distance of 107 m for a 25 GeV/c kaon beam. The
overall beam line is of order 350 m.

The desired energy range of 22–25 GeV/c can be accom-
modated in a one plane deflection situation by interposition
of another deflection station between the two mentioned
above. For two plane deflection, the two stations are suffi-
cient. At this writing, it is not necessary to select between
these alternatives.
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2 R&D PROGRAM

This material is extracted from the design study for the su-
perconducting aspects of an RF separated kaon beam at
Fermilab[3]. The parameters and specifications chosen for
the purpose of a point design are listed in Tab. 1. Defini-
tions and field patterns may be found in the design study,
or in Padamseeet al[4] in their discussion of crab cavity
development at CESR.

Table 1: Provisional parameters for initiation of the R&D
program and for the point design outlined in this report

frequency 3.9 GHz
mode π, TM110
equator diameter 94 mm
iris diameter 30 mm
cell length 38.4 mm
cells per meter 26
cells per cavity 13
(R/Q)′ 55 ohm/cell
(r/Q)′ 1430 ohm/m
Vtrans @ 0.1 T 5.7 MV/m
Epeak 22 MV/m
Bpeak 0.100 T
U (stored energy) 0.92 J/m
coupling factor 0.051
G1 = Q × Rsur 236 ohms
Rsur @ 2K, Tc/T=4.6 1.04 × 10−7Ω
Q @ Rsur 2.2 × 109

Power dissipated @ 5.7MV/m, 2K 10 watts/m
System Requirements for 60 MV/m total kick

Total cryogenic power 95 watts @ 1.8K
230 watts @ 2K

QL (loaded Q) 6 × 107

RF power @ 5.7 MV/m 380 watts/m
RF power including factor 760 watts/m
of 2 for regulation
Total RF power 8 kilowatts

A 3.9 GHz structure operating inπ-mode and scaled
from the TESLA shape has been adopted in order to initi-
ate the R&D program. The cavity shape is shown in Fig. 1.
Fig. 2 illustrates a 13 cell cavity in a helium vessel, and
Fig. 3 shows a concept for a cryomodule containing two
cavities.

The 13 cell cavity has 1/2 meter active length, and an
overall length of 0.7 m. The length has been selected in
order to limit the number of cells per structure to what is
expected to be a manageable number for tuning, field flat-
ness, and mode frequency separation. The equator and iris
diameters are 94.4 mm and 30 mm respectively. The cav-
ity would be polarized either by deforming a finished az-
imuthally symmetric cavity, or by using slightly elliptical
dies.

There are two beam pipe flanges and four coupler flanges

Figure 1: Half-cell

Figure 2: Conceptual drawing of cavity in demountable he-
lium vessel.

Figure 3: Cryostat module with two cavities.
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which must seal the cavity vacuum. One of the coupler
flanges would be for the input RF power. The others are
for monitor and (fundamental or HOM) power extraction.
Beam pipe and coupler flanges are of a size comparable
with CF35 and mini-conflat respectively.

The flange arrangement shown in Fig. 2 would allow for
a demountable helium vessel. End flanges of NbTi would
be welded on the cavity end pipes. The rest of the vessel
would consist of end caps and a cylindrical spool of tita-
nium preferably (or of 316L, 316LN stainless). As shown
this arrangement would allow for easy testing of different
length cavities and a bellows section would accommodate
tuning adjustment and thermal contraction. The vacuum
seals here could be helico–flex as they are not associated
with the cavity surface. Those associated with the cavity
would be solid aluminum rings as in the TESLA Test Fa-
cility.

The π-mode has been selected, at least for the initial
study. Other cavity modes such asπ/2 or 2π/3 have been
suggested because of their more favorable location on the
dispersion curve and consequently their lower sensitivity to
tuning and frequency errors, and the possibility of longer
structures with more cells which clearly would be an ad-
vantage. Further work will need to be done to justify the
choice of cavity mode. However the greatest experience
lies with theπ-mode and it minimizes the number of cells
per meter and consequently the number of welds. Some in-
vestigation of cavity shape has been made. Perhaps more
investigation is necessary; however multipacting is proba-
bly the key criterion and actual test results are needed.

The choice of operating gradient or transverse kick of
5.7 MV/m per meter has been made by requiring that the
maximum surfaceB field on the cavity (near the iris) not
exceed 0.1 Tesla. This can be compared with a peak of
0.105 Tesla at 25 MV/m for the TESLA 1.3 GHz accelerat-
ing mode cavities. (The theoretical limit is≈ 0.2−0.24 T. )
It is interesting to note that TESLA cavity gradients are not
only limited byB field quenches but also by field emission.
In the transverse mode it may be possible to reach higher
peakB because of the reduced ratio of peak electric to peak
magnetic field. It will be interesting to compare maximum
gradient limitations in transverse and accelerating modes .
At this stage, the figure of 5.7 perhaps is better character-
ized as a goal rather than a choice.

In order to size the cryosystem which might be needed
for the separators we have assumed a budget of about 20
watts/m and 10 meters of RF. Also we have assumed an op-
erating duty factor of one second in three (DF=1/3) and an
overall contingency of a factor of 3, so that these two terms
cancel resulting in a cryosystem size requirement of≈200
watt. We realize that this requirement has a somewhat ar-
bitrary justification. Also we note that if higher gradients
can be achieved the RF losses will increase.

The RF power requirement depends on the loadedQ;
our present choice ofQL is 6 × 107 – a factor of 20–40
less thanQ0. This would lead to an RF power requirement
of 400 watts/m, or total power of 4 kW. 200-400 watts is

well within the range of TWT’s though other sources may
be more economical. The bandwidth (f/Q) at thisQL is
only 50 Hz, which may present a problem in terms of mi-
crophonics and RF phase/amplitude control. LowerQL’s
will need more RF power on resonance but may actually
use less if microphonics and resonance frequency control
lead to anf0 spread larger than the bandwidth. We note
that Darmstadt operates with aQL of 3 × 107 at 3 GHz.

3 STATUS AND OUTLOOK

One and two cell resonators of copper and niobium have
been fabricated using deep-drawing. The copper models
were used for verification of URMEL predictions; the nio-
bium cells are currently being used for ebeam welding
studies.

A goal of this first year of the R&D activity is cold test-
ing of one and two cell niobium models. For this purpose,
some of the necessary infrastructure is in place (e.g., clean
rooms, ultra-pure water); a high pressure rinsing system
is undergoing assembly as is a vertical test dewar. The
principal facilities not available on-site are ebeam welding
and a high temperature oven; industrial or other-laboratory
sources will be used. Concurrently, design of 5 cell models
and 13 cell prototypes is underway.

Although this effort was undertaken within the context
of the fixed target program for the Fermilab Main Injec-
tor, there are other potential applications for high-duty fac-
tor resonators operating in a deflecting mode. Use as a
crab cavity has already been cited above[4]. For the sep-
arated beam, a range of frequency choices is possible; the
particular figure of 3.9GHz was motivated by the conve-
nience for cavity tests with beam in the 1.3GHz photoin-
jector laboratory at Fermilab. Deflecting cavities may also
be used as beam splitters and bunch pickers. For instance,
a 3.25GHz deflection station would kick alternate bunches
from a 1.3GHz linac into different beamlines.
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