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Abstract

Operating a high gradient radio frequency cavity embed-
ded in a strong magnetic field is an essential requirement
for muon beam cooling. However, a magnetic field influ-
ences the maximum RF gradient due to focusing of dark
current in the RF cavity. This problem is suppressed by
filling the RF cavity with dense hydrogen gas. As the next
step, we plan to explore the beam loading effect in the high
pressure cavity by using a 400 MeV kinetic energy proton
beam in the MuCool Test Areaat Fermilab. We discussthe
experimental setup and instrumentation.

INTRODUCTION

The concept of using muonsin colliders or neutrino fac-
tories has been around for many years [1, 2]. lonization
cooling alows rapid emittance reduction, with energy re-
stored through radio frequency (RF) cavities. The prob-
lem with this schemeisthat high gradient RF cavities must
be placed in strong magnetic fields (on the order of afew
Teda) [3, 4]. These magnetic fields can focus field emis-
sion electrons onto the wall of the cavity, greatly reducing
the maximum stable RF gradient [5]. A number of ideas
have been proposed to fix this problem, and the MuCool
Test Area (MTA) was created partially as an R&D facility
for this purpose.

It has been demonstrated that filling an 805MHz RF
cavity with a high pressure gas suppresses breakdown [6].
Tests carried out with a hydrogen gas filled cavity show
stable operating gradients on the order of 65MV/m. Elec-
trodes made of copper, molybdenum, and beryllium were
tested without an external magnetic field, and an external
field of 3T was applied with the molybdenum electrodes.
Fig. 1 shows the results obtained in these tests. The cav-
ity reached a higher gradient with Molybdenum electrodes.
Note there was virtually no difference in maximum gradi-
ent attained using the molybdenum electrodesina3T field.

Tests have been performed using different gas species as
well. Fig. 2 shows the data taken using a copper electrode
with nitrogen, hydrogen, hydrogen with a SFg dopant. As
can been seenin both Fig. 1 and Fig. 2, thereisaregion at
lower pressures in which the gradient depends linearly on
pressure, and aregion at higher pressures in which the gra-
dient plateaus and no longer depends on pressure. These
are called the Paschen region and metallic region, respec-
tively [7].

A high pressure RF (HPRF) cavity has never been oper-
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Figure 1: Breakdown gradient with different electrode ma-
terialswithout beam. Copper electrodedataisinred, beryl-
lium in blue, molybdenum in green, and molybdenumin a
3T external magnetic field isin pink [6].
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Figure 2: Breakdown gradient for different gas species
without beam. Nitrogen is orange, hydrogen blue, hydro-
gen + SF4(0.01%) green, and hydrogen + SF4(0.2%) is
blue [8].
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ated with beam before. The effect of beam loading must
be investigated. It is thought that ionization electrons will
recombine with hydrogen before they can form a dense
plasma and degrade the cavity Q. If this is not the case,
a dopant electronegative gas will be tested. Nitrogen is a
candidate, asit formsammonia(NH3) with hydrogen when
dissociated. Sulfur hexafluoride (SFg) isanother candidate.

MTA EXPERIMENTAL HALL

The MTA experimental hall has been built to accommo-
date various test programs. RF power is provided at 201
and 805MHz, high pressure gases including hydrogen up
to 1600 psi are available, a 5T solenoid magnet provides
a strong magnetic field, and a proton beamline has been
commissioned. Safety issueswith regard to the use of pres-

Advanced Concepts and Future Directions

Accel/Storage Rings 09: Muon Accelerators and Neutrino Factories



Proceedings of 2011 Particle Accelerator Conference, New York, NY, USA

surized hydrogen have been addressed, and there is a 15ft
radius around the cavitiesin which no electrical equipment
may be placed.

Beamline

The MTA utilizes the 400MeV Kkinetic energy proton
beam provided by the Fermilab linac. The allotted 60
pulses per hour deliver 10'2 to 103 protons per pulse. The
final beam intensity istuned by acollimator placed just up-
stream of the cavity. The layout of the experimental hall is
showninFig. 3.

Final beamstop W"

Figure 3: MTA Experimental Hall. RF Station 1 islocated
inside the solenoid magnet. RF Station 2 is located on a
stand upstream and outside of the magnet.

—

Experimental Apparatus

There are two stations that support RF cavity operation.
Station lislocatedina5T, 1.088 m long, 44 cm bore diam-
eter solenoid magnet. The solenoid is on the beamline axis
and an extension beampipe ends 1 m from its face. Station
2 is located upstream of the magnet and off the beamline
axis. An RF switch has been installed to supply 805MHz
to either station. In order to test the cavity with beam or
external magnetic field, the cavity must be located in RF
Station 1. RF Station 2 is used for conditioning the cavity
and calibrating instrumentation.

The side view schematic for Station 1 operation can be
seen in Fig. 4. The beampipe extension is on the left, with
a CCD camera (PL-B955U camera) and a Chromox lumi-
nescent screen for beam tuning. The two piece stainless
steel collimator provides the final beam intensity control,
with full or 10% intensity. Two toroids, one before the col-
limator and one between the collimator and cavity, are used
to measure the number of particles incident on the cavity.
RF power isfed to the cavity viaawaveguide on the down-
stream side. A beam counter telescope triggers on elasti-
cally scattered protons (~360 MeV KE) from the vacuum
window at the end of the beampipe. Additionally there are
10 scintillation counters placed in the vacinity of the cavity.

SIGNALSAND INSTRUMENTATION

Each station in the hall is equipped with cabling for elec-
trical and magnetic pickup, forward and reflected power,
and optical signals. The cables consist of 1 inch and 1
inch heliax and green RG58. Table 1 shows the type and
number of signals provided by each station.
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Figure 4: Side view of Station 1 setup. The proton beam
comes from the left and passes through the collimator, cav-
ity and beam absorber placed inside the solenoid magnet.
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Table 1: Signals per Station

Station  CableType  Number of Cables
1 E/M Pickup 2
For/Ref Power 2
Optical 3
2 E/M Pickup 2
For/Ref Power 2
Optical 6
lor2 Spare 9
Calibration

As determining when breakdown occurs during the RF
cycle is very important, picosecond timing resolution is
necessary. A preliminary timing calibration has been done
excluding the cavity, and a more detailed calibration will
take place involving the cavity. A laser (PiLas PILO63
laser head and EIG 1000D controller) was used to send
light to a Hamamatsu H5783 PMT as a trigger. A sig-
nal was aso sent through the other instrumentation ca-
bles and a Horiba MicroHR Motorized Spectrometer (with
a Hamamatsu H5783-20 PMT). The relative delays were
measured. Fig. 5 shows the setup and Fig. 6 shows a typi-
cal signa delay screenshot. Table 2 liststhese cable delays.

Sampling oscilloscope

.

RF signal cable L3¢

Optical trigger cable
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Controller Fiber Bias voltage
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Figure 5: Timing calibration setup. A picosecond laser
sends a signal directly to the oscilloscope and through the
cablesto the scope.

Two ferrite core toroids will be placed on the upstream
face of the collimator and between the collimator and
cavity. An output signal calibration has been done us-
ing a handmade current pulse generator that is based on
a fast switching transistor (2N2369A). The current was
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Figure 6: Timing calibration screenshot. The optical signal
isin green, and the electrical pickup from Station 1 isin
magenta.

Table 2; Cable Delays Relativeto PMT Trigger
Station Cable Delay

1 152.7+/-0.3 ns
158.7 /- 0.2 ns
150.9+/-0.2 ns
15144 /- 0.4 ns
182.1+4/—- 04 ns
182.3+/- 02 ns
181.14/— 0.2 ns
181.14/— 0.3 ns

6.9+/—-02ns
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Spectrometer

sent through the toroids and the output signal was mea
sured on an oscilloscope. Fig. 7 shows the calibration,
21.26 mV/mA was measured.
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Figure 7: Toroid output voltage versus input current.

DATA ACQUISITION

The data acquisition system consists of two PCs that
control the power supplied to the RF cavity and record the
various signals. One PC runs a CAMAC and NIM based
system. It reads the electrical and magnetic pickup signals,
produces an RF envelope and uses the counters to create
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atrigger. The other PC runs a LabVIEW based system.
During conditioning the RF power level isincreased every
so often until a spark occurs, a which point it decreased
and beginsto increment again. It uses an external trigger to
record resonant frequency, RF envelope, and oscilloscope
traces after a specified number of RF cycles. The fast sig-
nals (e.g. RF pickups and optical) are fed directly into the
oscilloscopes. The slow signals (e.g. RF envelope) are
fed into the PCs, which record waveforms from the scopes
when a breakdown occurs.

OUTLOOK

Datawill soon be taken using the HPRF cavity with and
without an external magnetic field, and with and without
beam. The results should indicate whether high pressure
gases allow RF cavities to be operated in strong magnetic
fields with beam.
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