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Abstract

Described here are efforts to diagnose transient pressures generated by a short-pulse (about 0.5
microseconds) high intensity proton (~1014 per pulse) beam.  Proton energy is 800-MeV.  Such
capability is required for understanding target interaction for the Spallation Neutron Source project
as described in other papers in this conference.  The main approach to effect the pressure
measurements utilized the deflection of a diaphragm in intimate contact with the mercury.  There
are a wide variety of diaphragm-deflection methods used in scientific and industrial applications.
Many deflection-sensing approaches are typically used, including, for instance, capacitive and
optical fiber techniques. It was found, however, that conventional pressure measurement using
commercial pressure gages with electrical leads was not possible due to the intense radiation
environment.  Earlier work with a fiber optic strain gauge demonstrated the viability of using fiber
optics for this environment.

The pressure sensor design selected for this application was driven by several factors: the
magnitude and duration of the pressure waves, the need for both high and low pressure
measurement, and the need to use standardized, readily-available components.  Two pressure
sensors were tested in a mercury target at the LANSCE-WNR (Los Alamos Neutron Science –
Weapons Nuclear Research) facility.  The diaphragms were made from stainless steel.  Diaphragm
size and thickness were determined based on modeling which examined the tradeoffs between
sensitivity, dynamic range, and response time.  Deflection measurement was effected with a
modified commercial fiberoptic strain measurement system.  For both sensors, a mechanical stop
prevented the diaphragm from flexing past the yield point.  This was 2500 psi and 100 psi for the
high- and low-pressure sensors, respectively.  The high-pressure sensor detected the initial high-
pressure transient due to the instantaneous deposition of energy in the mercury fluid.  The purpose
of the low-pressure sensor was to measure cavitation oscillations that are predicted to occur at later
times.  Detailed design information and test results will be discussed.  The pressure exceeded 100
psi for the first approximately ½ milliseconds and fluctuated rapidly over the ensuing 17 ms.
Results for the high pressure sensor show fluctuations less than the 2500 psi during this period.

There was a parallel effort to investigate the use of phosphor fluorescence as a pressure diagnostic.
No pressure fluctuations were discernible within the noise that characterized the test.  The
dominant noise was shot noise from the photomultiplier.  Nonetheless, the phosphor successfully
survived over thirty shots without noticeable degradation and, in fact, the proton-beam itself
generated useful fluorescence.
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