– 35 –

High Precision Measurement of Singlet μp Capture by μ^+/μ^− Lifetime Measurements in H_2 Gas

A. Adamczak^a, V. A. Andreev^b, D. V. Balin^b, T. Case^c, K. M. Crowe^c, J. Deutsch^d, A. Dijksman^e, J. P. Egger^f , T. v. Egidy, M. P. Faifman^e, A. A. Fetisov^b, V. A. Ganzha^b, J. Govaerts^b, V. V. Gusev^e, F. J. Hartmann, W. D. Herold^f , P. Kammel^c, A. G. Krivshich^b, E. M. Maev^b, V. E. Markushin^f , J. Martino^g, L. I. Menshikov^e, G. Mitselmaker^h, C. Petitjean^f , G. E. Petrov^b, L. I. Ponomarev^e, R. Prieels^d, G. N. Schapkin^b, W. Schöps^f , W. Schott, G. G. Semenchuk^b, R. T. Siegel^i, Yu. V. Smirenin^b, I. Vodopyanov^b, A. A. Vorobyov^b, and N. I. Voropaev^b

a Institute of Nuclear Physics, 31-342 Krakow, Poland b Petersburg Nuclear Physics Institute, Gatchina 188350, Russia c University of California and Lawrence Berkeley Laboratory, Berkeley CA, 94720, USA d Université Catholique de Louvain, B-1348 Louvain-La-Neuve, Belgium^e MUCATEX, Moscow 123479, Russia f Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland^g CEN Saclay, F-91191 Gif-sur-Yvettes CEDEX, France h University of Florida, Gainesville FL, USA^i College William and Mary, Williamsburg VA, 23185, USA

Nuclear muon capture on the proton

μ + p −→ n + ν_μ (1)

is a fundamental electroweak charged-current reaction which can be studied at PSI under ideal conditions. Its rate is sensitive to the weak form factors of the nucleon, in particular to the induced pseudoscalar coupling constant g_P . Its accurate measurement would provide a rigorous test of modern effective field theories of low energy QCD, which predict g_P with a precision of 1-3 % [1].

However, experiments have not yet come close to the required accuracy, because of two main reasons: it is difficult to determine the absolute detection efficiency for the neutrons in reaction (1) with sufficient precision; the formation of mesic pμp molecules and the subsequent transitions between molecular states lead to considerable uncertainties in the interpretation of experimental results.

In our new experiment [2] we have proposed an approach avoiding these problems by using the lifetime method in low density hydrogen gas. The singlet capture rate is extracted from the difference of μ^+ and μ^− lifetimes by

Λ^{F =0}_C = 1 τ_μ� − 1 τ_μ+

. (2)

A new time projection chamber (TPC) is developed which can independently detect and track the incoming muons (μ^+/μ^−) stopping in ultra-pure hydrogen gas, and the positrons/electrons emerging from μ-decays.

During 1997, this detection method was successfully tested in Gatchina with the prototype setup shown in Fig. 1. A hydrogen vessel (d = 20 cm, pressure 10 bar) houses two multiwire proportional chambers on top and bottom, that identify and localize tracks of minimum ionizing electrons from a^{90}Sr β-source. In between, a small

TPC (sensitive area 5x5 cm^2) is mounted defining a homogeneous electrical field of ∼ 2 keV/cm. The negative charges drift towards the cathode grid-anode planes at right with velocity ∼ 0.7 cm/μs and create avalanches on the anode wires. Typical gas gains of 10^4 and clean electronic signals were obtained.

At present, the design and construction of the proposed full size TPC with dimensions 16x12x30 cm^3 is under way as well as the electronics and data processing system. First tests with beam are planned in 1998.

Fig. 1: The prototype TPC chamber at Gatchina.

References

[1] V. Bernard et al., Phys. Rev. D50 (1994) 6899;

H.W. Fearing et al., Phys. Rev. D56 (1997) 1783 [2] D.V. Balin et al., PSI Proposal R-97-05.1 (1996) and Progress Report (1997)