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Abstract
The Fermilab’s Superconducting RF Beam Test Facility currently under construction will produce electron beams capable of damaging the acceleration structures and the beam line vacuum
chambers in the event of an aberrant accelerator pulse. The accelerator is being designed with the capability to operate with up to 3000 bunches per macro-pulse, 5Hz repetition rate and 1.5
GeV beam energy. It will be able to sustain an average beam power of 72 KW at the bunch charge of 3.2 nC. Operation at full intensity will deposit enough energy in niobium material to
approach the melting point of 2500 C. In the early phase with only 3 cryomodules installed the facility will be capable of generating electron beam energies of 810 MeV and an average beam
power that approaches 40 KW. In either case a robust Machine Protection System (MPS) is required to mitigate effects due to such large damage potentials. This paper will describe the
MPS system being developed, the system requirements and the controls issues under consideration.
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post-mortem analysis.

Fast Beam Loss Monitors Cryogenic Loss Monitors

Several types of beam loss monitors (BLMs) will be used for the detection of
electromagnetic showers. The fast protection system is being designed to interrupt
the beam within a macro-pulse and will rely heavily on the ability to detect and
react to losses within a few nanoseconds; for this reason the primary loss monitors
for fast protection are made of plastic scintillator with photomultipliers attached
and have already been designed, built and tested. Figure 3: shows some
measurement results.

Although loss monitors are typically one of the main diagnostics for protecting the
accelerator from beam induces damage. Most accelerator facilities do not cover the cold
sections of the machine with loss monitors. To address these issues a Cryogenic Loss Monitor
(CLM) ionization chamber capable of operation in the cold sections of a cryomodule has
been developed and will be installed and tested [2]. The monitor electronics have been
optimized to be sensitive to DC losses and the signals from these devices will be used to study
and quantify dark current losses in particular, see figure 4. In order to increase the
resolution bandwidth and the response time of the devices a new scheme which uses a Field
Programmable Gate Array (FPGA) based Time-to-Digital converter (TDC) method is
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Figure 4 : reaction of CLM to dark current losses
|aser Pulse Control Controls System

One of the main actuators for the
MPS is the injector laser pulse
control. This will be the device that
controls the number and the spacing
of bunches in a macro-pulse by
picking single laser pulses out of a
train. This Is achieved by
manipulating the Pockels cell
(voltage-controlled wave plates). This
Laser Pulse Controller system Is also the main actuator for
beam inhibits issued by the MPS. It is
envisioned that this would be a VME
4 board with a fully programmable
Permit signal (intra macro-pulse) FPGA
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The MPS will need server support for the various hardware systems to View, Configure and Diagnose

the system. Already there are currently several servers under development for the beam loss monitor

system and the laser pulse controller. These servers were implemented using the PowerPC 5500 series

boards running VxWorks 6.4 and implementing the ACNET protocol. Some of the main requirements

for these servers include:

e Time-stamping at a sub-microsecond resolution in order to allow for data correlation.

e Circular buffers that are logged using ACNET data loggers and thus provide a repository used for
post-mortem analysis.

A control system that is well integrated with all MPS components, from the various front-ends to the

high level applications, is critical to leveraging the full functionality of that control system.
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Tunable in the step
of 100ps.
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* Block the Pockels cell based pulse kickers as long as the MPS input is in an alarm state.

* Enforce the limit on the number of bunches as given by the currently selected beam mode.

* Close the laser shutter on request of the MPS. This may happen when there is no valid operational
mode or when some combination of loss monitors exceed thresholds which trigger a dump condition.
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