1398

Lepton & Quark Full Listings ¯ (gμ_+ � gμ�) / gaverage

A test of CPT invariance.

VALUE (units 10�8) DOCUMENT ID −2.6±1.6 −2.6±1.6 BAILEY 79

μ ELECTRIC DIPOLE MOMENT

A nonzero value is forbidden by both T invariance and P invariance.

VALUE (10�19 e cm) DOCUMENT ID TECN CHG COMMENT 3.7±3.4 3.7±3.4 9 BAILEY 78 CNTR ± Storage ring • • • We do not use the following data for averages, fits, limits, etc. • • • 8.6±4.5 BAILEY 78 CNTR + Storage rings 0.8±4.3 BAILEY 78 CNTR − Storage rings 9 This is the combination of the two BAILEY 78 results given below.

μ/p MAGNETIC MOMENT RATIO

This ratio is used to obtain a precise value of the muon mass. Measurements with an error > 0.00001 have been omitted.

VALUE DOCUMENT ID TECN CHG COMMENT

3.18334547±0.00000047

3.18334547±0.00000047 10 COHEN 87 RVUE 1986 CODATA value • • • We do not use the following data for averages, fits, limits, etc. • • • 3.1833441 ±0.0000017 KLEMPT 82 CNTR + Precession strob 3.1833461 ±0.0000011 MARIAM 82 CNTR + HFS splitting 3.1833448 ±0.0000029 CAMANI 78 CNTR + See KLEMPT 82 3.1833403 ±0.0000044 CASPERSON 77 CNTR + HFS splitting 3.1833402 ±0.0000072 COHEN 73 RVUE 1973 CODATA value 3.1833467 ±0.0000082 CROWE 72 CNTR + Precession phase 10 COHEN 87 (1986 CODATA) value was fitted using their own selection of the following data. Because their value is from a multiparameter fit, correlations with other quantities may be important and one cannot arrive at this result by any average of these data alone.

μ− DECAY MODES

μ+ modes are charge conjugates of the modes below.

Mode Fraction (Γi /Γ) Confidence level

Γ1 e− νe νμ ≈ 100% Γ2 e− νe νμ γ [a] (1.4±0.4) % Γ3 e− νe νμ e+ e− [b] (3.4±0.4) × 10−5

Lepton Family number (LF ) violating modes Γ4 e− νe νμ LF [c] < 1.2 % 90% Γ5 e− γ LF < 4.9 × 10−11 90% Γ6 e− e+ e− LF < 1.0 × 10−12 90% Γ7 e− 2γ LF < 7.2 × 10−11 90%

[a] This only includes events with the γ energy > 10 MeV. Since the e− νe νμ and e− νe νμ γ modes cannot be clearly separated, we regard the latter mode as a subset of the former.

[b] See the Full Listings below for the energy limits used in this measurement. [c] A test of additive vs. multiplicative lepton family number conservation.

μ− BRANCHING RATIOS Γ � e− νe νμ γ � /Γtotal Γ2/Γ Γ � � Γ � � Γ � � VALUE EVTS DOCUMENT ID TECN COMMENT

0.014 ±0.004

0.014 ±0.004 CRITTENDEN 61 CNTR γ KE > 10 MeV • • • We do not use the following data for averages, fits, limits, etc. • • • 862 BOGART 67 CNTR γ KE > 14.5 MeV 0.0033±0.0013 CRITTENDEN 61 CNTR γ KE > 20 MeV 27 ASHKIN 59 CNTR Γ � e− νe νμ e+ e− � /Γtotal Γ3/Γ Γ � � Γ � � Γ � � VALUE (units 10�5) EVTS DOCUMENT ID TECN CHG COMMENT 3.4±0.2±0.3 3.4±0.2±0.3 7443 11 BERTL 85 SPEC + SINDRUM • • • We do not use the following data for averages, fits, limits, etc. • • • 2.2±1.5 7 12 CRITTENDEN 61 HLBC + E(e+ e−)>10 MeV 2 1 13 GUREVICH 60 EMUL + 1.5±1.0 3 14 LEE 59 HBC + 11 BERTL 85 has transverse momentum cut p T > 17 MeV/c. Systematic error was increased by us.

12 CRITTENDEN 61 count only those decays where total energy of either (e+, e−) combination is >10 MeV.

13 GUREVICH 60 interpret their event as either virtual or real photon conversion. e+ and e− energies not measured.

14 In the three LEE 59 events, the sum of energies E(e+) + E(e−) + E(e+) was 51 MeV, 55 MeV, and 33 MeV.

Γ � e− νe νμ � /Γtotal Γ4/Γ Γ � � Γ � � Γ � � Forbidden by the additive conservation law for lepton family number. A multiplicative law predicts this branching ratio to be 1/2. For a review see NEMETHY 81.

VALUE CL% DOCUMENT ID TECN CHG COMMENT

< 0.012

< 0.012 90 FREEDMAN 93 CNTR + ν oscillation search • • • We do not use the following data for averages, fits, limits, etc. • • • < 0.018 90 KRAKAUER 91B CALO + < 0.05 90 15 BERGSMA 83 CALO νμ e → μ− νe < 0.09 90 JONKER 80 CALO See BERGSMA 83 −0.001±0.061 WILLIS 80 CNTR + 0.13 ±0.15 BLIETSCHAU 78 HLBC ± Avg. of 4 values < 0.25 90 EICHTEN 73 HLBC + 15 BERGSMA 83 gives a limit on the inverse muon decay cross-section ratio σ(ν μ e − → μ− νe ) / σ(νμ e− → μ− νe ), which is essentially equivalent to Γ ( e− νe νμ ) /Γtotal for small values like that quoted. Γ � e− γ � /Γtotal Γ5/Γ Γ � � Γ � � Γ � � Forbidden by lepton family number conservation.

VALUE (units 10�11) CL% DOCUMENT ID TECN CHG COMMENT < 4.9 < 4.9 90 BOLTON 88 CBOX + LAMPF • • • We do not use the following data for averages, fits, limits, etc. • • • <100 90 AZUELOS 83 CNTR + TRIUMF < 17 90 KINNISON 82 SPEC + LAMPF <100 90 SCHAAF 80 ELEC + SIN Γ � e− e+ e− � /Γtotal Γ6/Γ Γ � � Γ � � Γ � � Forbidden by lepton family number conservation.

VALUE (units 10�12) CL% DOCUMENT ID TECN CHG COMMENT < 1.0 < 1.0 90 16 BELLGARDT 88 SPEC + SINDRUM • • • We do not use the following data for averages, fits, limits, etc. • • • < 36 90 BARANOV 91 SPEC + ARES < 35 90 BOLTON 88 CBOX + LAMPF < 2.4 90 16 BERTL 85 SPEC + SINDRUM <160 90 16 BERTL 84 SPEC + SINDRUM <130 90 16 BOLTON 84 CNTR LAMPF 16 These experiments assume a constant matrix element. Γ � e− 2γ � /Γtotal Γ7/Γ Γ � � Γ � � Γ � � Forbidden by lepton family number conservation.

VALUE (units 10�11) CL% DOCUMENT ID TECN CHG COMMENT < 7.2 < 7.2 90 BOLTON 88 CBOX + LAMPF • • • We do not use the following data for averages, fits, limits, etc. • • • < 840 90 17 AZUELOS 83 CNTR + TRIUMF <5000 90 18 BOWMAN 78 CNTR DEPOMMIER 77 data 17 AZUELOS 83 uses the phase space distribution of BOWMAN 78. 18 BOWMAN 78 assumes an interaction Lagrangian local on the scale of the inverse μ mass.

LIMIT ON μ− ! e− CONVERSION

Forbidden by lepton family number conservation.

σ(μ− 32S ! e− 32S) / σ(μ− 32S ! νμ 32P∗)

VALUE CL% DOCUMENT ID TECN COMMENT

<7 × 10−11

<7 × 10−11 90 BADERT... 80 STRC SIN • • • We do not use the following data for averages, fits, limits, etc. • • • <4 × 10−10 90 BADERT... 77 STRC SIN

σ(μ− Cu ! e− Cu) / σ(μ− Cu ! capture)

VALUE CL% DOCUMENT ID TECN

• • • We do not use the following data for averages, fits, limits, etc. • • • <1.6 × 10−8 90 BRYMAN 72 SPEC

σ(μ− Ti ! e− Ti) / σ(μ− Ti ! capture)

VALUE CL% DOCUMENT ID TECN COMMENT <4.3 × 10−12 <4.3 × 10−12 90 19 DOHMEN 93 SPEC SINDRUM II • • • We do not use the following data for averages, fits, limits, etc. • • • <4.6 × 10−12 90 AHMAD 88 TPC TRIUMF <1.6 × 10−11 90 BRYMAN 85 TPC TRIUMF 19 DOHMEN 93 assumes μ− → e− conversion leaves the nucleus in its ground state, a process enhanced by coherence and expected to dominate.

σ(μ− Pb ! e− Pb) / σ(μ− Pb ! capture)

VALUE CL% DOCUMENT ID TECN COMMENT

• • • We do not use the following data for averages, fits, limits, etc. • • • <4.9 × 10−10 90 AHMAD 88 TPC TRIUMF