2.  Project Summary 

We propose to develop a new state-of-the-art instrument capable of performing high-precision and fundamental measurements of the muon.  At the outset, the Lan Project (Muon Lifetime ANalysis) is aimed at a 1-ppm (part per million) measurement of the positive muon lifetime, , resulting in a 20-fold improvement over previous efforts.  This improvement in the precision of the muon lifetime leads to an increased precision in the determination of the Fermi constant, GF, by the same amount.  

The Standard Model of particle physics is built on a framework of fundamental building blocks, the quarks, leptons and gauge bosons.  The latter mediate the interactions between particles and lead to the known strong, weak and electromagnetic force laws.  As an example, the electric force is communicated by the photon, a quantum of light.  The unprecedented and deep understanding of the electromagnetic force began in the late '40s with the development of Quantum Electrodynamics (QED), in response to high-precision experiments of the electron.  QED is the most precise theory in all of physics.  Its fundamental coupling constant, , is known to a few parts per billion. The corresponding coupling constant in the weak interaction is GF.  The most accurate determination of GF comes from the theoretically best understood and experimentally best measured process, namely the muon lifetime.  Particle interactions involving the weak force require knowledge of GF.  This includes everything from radioactive decay to the subtle and fleeting influence of the weak force on reactions dominated by the strong or electromagnetic forces.  For example, GF was known well enough from previous muon lifetime measurements to predict the top quark mass even before the direct discovery of the top quark.  Both  and GF are important and fundamental parameters of the Standard Model.  However, extraction of GF from muon lifetime data has been restricted until quite recently by uncertainties in the theory.  Now this roadblock has been removed, and the only factor limiting further precision in the determination of GF is the experimental precision on the muon lifetime measurement. 

Experiment R-99-07.1 aims to accomplish this feat.  It has been fully approved by the Paul Scherrer Institute (PSI) near Zürich, Switzerland, following a positive recommendation by their international Program Advisory Committee in July of 1999.  In order to carry out the muon lifetime measurement, and to anticipate future related experiments (such as p capture), we have designed a new instrument, featuring four main components that our team will design and construct.  This Major Research Instrumentation proposal is aimed at acquiring the support for the development of the research instrumentation needed for fundamental muon physics research.  We anticipate considerable educational benefits, mainly in the form of undergraduate and graduate student projects and Ph.D. theses.  Students will participate from all of the institutions involved.  The fundamental physics research program, salaries, travel, etc. is supported by our ongoing contracts with NSF and DOE.  The instrumentation development is divided into four subsystems for the purpose of discussion and to facilitate the overall management.

1.
Muons will be provided by the high-intensity E3 low-energy muon beam at PSI.  We will introduce an artificial time structure to this DC beam by constructing a fast "kicker" that acts like a beamline switch.  In the "on" position, muons are directed to our targets; in the "off" position, we carry out our sensitive experiments.  Specialized targets and beamline instrumentation must also be developed for this subsystem.

2.
The central element of Lan is a highly segmented, fast charged-particle detector for unbiased detection of the energetic positrons resulting from muon decays.  The geometry includes 180 pairs of counters, arranged as an icosahedron.  This nearly spherical detector surrounds a muon target system.  Each decay positron traverses a pair of thin scintillators and is viewed by independent photomultiplier tubes (PMTs).

3.
The signals detected by the PMTs, which contain the information on the time of decay and the energy deposited, will be recorded using 8-bit 500-MHz waveform digitizers, which we will design and build.  This technique provides data for powerful online calibration, double-hit rejection, and performance monitoring.  All are necessary to achieve our goal and to keep systematic errors at the sub-ppm level. 

4.
The 1012 events necessary for a 1-ppm measurement of  will generate approximately 100 TB of raw data.  We do not intend to store more than a fraction of this total, consequently real-time processing is necessary.  We have developed plans to implement fast PCs in an integrated manner with our waveform digitizers in order to carry out the analysis tasks online.

Our collaboration has the experience in all aspects of the development tasks necessary to realize the goals outlined here.  The development of the Lan detector, beamline and readout will very likely open up opportunities for further experiments in fundamental physics, while serving as an excellent training ground for students and young researchers.
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