The Fermi Coupling constant Gy

plays key role in all precision tests of electroweak standard model
together with o0 and mass of Z-boson best measured quantity in electro-
weak interaction -> input to all higher-order calculations

(historically strongest constraint on top mass before 1t was directly measured
now e.g. limit for Higgs mass)

< - > Gg 1s sensitive to physics at very high energy scales

experimentally, Gy 1s extracted from muon lifetime 1, = 1/1,
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purely leptonic process - > very clean experimentally and theoretically
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G was introduced by Fermi in order to
phenomenologically describe the strength
of a “new” (weak) force.
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Ag include the higher order (Q)ED and QQCD
correction known up to two-loop level (0.5 ppm)

— T. van Ritbergen and R.G. Stuart
Phys. Lett. B 487 (1998) 201
and Phys. Rev. Lett. 82 (1999) 488

I-loop QED contributions calculated already 40 years ago by Kinoshita, Sirlin, Berman.



presently data from 2 experiments with results published in 1984

generally use decay of secondary pion beam into muons and observe their decay
into electrons + ...
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- 140 MeV pion beam from Saclay Linac, pulsed beam

- stop pion beam in S-target during 3 microsecond beam burst

- target designed such that most decay muons stop in target before decay

- measure time distribution of decay positrons detected in 6 telescopes of plastic scintillator
covering 75% of total solid angle in 65 microsecond gate after start signal
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Fig. 1. Simplified scheme of the experimental set-up: Pb = lead collimator, 5 = sulphur target, Sc = plastic scintillator telescopes,
placed at the positions A, B, C, D, E and I around the target.



difficulty: polarization of muons at decay;

stopped pions produce unpolarized muons, but beam contains fraction (5%) of polarized
muons from decay in flight.

Sulfur depolarizes muons effectively, shape optimized
for stopping high energy beam muons
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why is polarization disturbing? {
spin precession in magnetic field, rate of decay ll 1
electrons depends on angle and is time modulated 0 / \ 1
(used in g-2 experiment to measure muon magnetic [’ P
moment) =T
experiment has to minimize residual magnetic field f
(mainly terrestrial), Helmholtz coils .. / *. ]
careful measurement of polarization effects | ! Voxt % sl
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Fig. 2. Display of the observed values of v+ as a function of
the telescope position (see for reference fig. 1) around the
target. The experimental points comespond to u* or #*
beams, stopping in carbon (Y2C) or sulphur (8) target, and
to a 3 G magnetic field.
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time distribution measured in a telescope
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i. total time about 5 days, several runs per day, typically
|

a few million decays per run measured

distribution of resulting - — 1 ,
muon lifetimes from all % - %
runs and telescopes
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typically run at very low beam rate such that only 0.1 electrons per gate

otherwise need to correct for fact that finite time resolution of electronics may not detect
2 decays both

control: high and low rate measurements and correction toward zero rate
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Fig. 4. Rate dependence of the observed values of 7+, as ob-
tained by analysing the data starting from different initial
times ¢ within the measuring gate,
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Mean life of the positive muon

K. L. Giovanetti,” W. Dey,' M. Eckhause, R. D. Hart,* R. Hartmann,® D. W. Hertzog,** 1. R. Kane,

W. A. Orance,”” W. C. Phillips, R. T. Siegel, W. F. Vulcan, R. E. ¥
Department of Physics, The College of William and Mary, Williamst
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TRIUMEF/Canada 500 MeV proton cyclotron
generate secondary pions of 150-170 MeV
stop in water Cherenkov counter

measure time distribution of positrons

from decay pi+ -> mu+ -> e+

FIG. 1. Target and detector arrangement, top view. Entering
beam particles were detected by scintillation counters §1 and 52.
In the water, muon decay positrons caused Cherenkov radiation.
This radiation was wavelength shifted by dissolved Na-G amino
acid and then detected by the phototubes R and L.
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still some muon and electron contamination from beam
but muons make signals of low pulse height
beam electrons of high pulseheigt

select a window

again difficulty: e+ from
beam muons polarized,
spin precession even in
very low B-field

used part of
spectrum
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FIG. 2. Energy calibration of the water Cherenkov counter.
Curves A, B, and C were obtained with monoenergetic ¢*
beams. Curve D was obtained with decay ¢ from stopped

muons, and includes a high-energy contribution from direct
beam e *.
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FIG. 4. Values of 7 and their standard deviations determined
from data obtained with beam intensities in five different
ranges, and from all of the data. For each, there are shown
separately the results from timing channel A, from timing chan-
nel B, and from the combination A + B.
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Where the uncertainty on GG comes

from?
0Gp _ 50my, 1o, _—r (+4fm,';f_)
GF‘ 2 m# Q TH‘ mf‘
50
29 _ .38 ppm PDG2000
2 m,
theory = 0.50 ppm Ritbergen and Stuart
'ffﬂ.:!
41— = 10 ppm PDG 2000
T,

(if you assume neutrinos to be massive)

OTu — 18 ppm  PDG2000
Th
Dominant contributions from.:
Balandin et al. (1974)
Bardin et al. (19584)
Giovanetii et al. (1984)



New efforts to improve muon lifetime (since it completely dominates error
in Gg)
2 efforts at PSI (Switzerland)

MulLan Experiment PSI Experiment R-99-07

pulsed muon beam and fast segmented timing detector
180 triangular scint. tiles on sphere

%#_S_T_q R-99-06,

Fibre Active Scintillator Target

both proposed in 1999, aim to take 1012 decays to measure T over 9
lifetimes 1n 1-2 months final data taking

both aim for 1 ppm accuracy in muon lifetime (vs. 18 presently)
data taking going on, no final results released yet
error presently down to half of the previous, but still way to go



Concept:

A scintillating fiber detector, on a DC pion beam,
able to handle up to 30 # — p — e decay chains
in a 30 pus window:
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ulLAN: http://www.npl.uiuc.edu/exp/mulan/mulanMain.html

A structured muon beam (pulsed approach) is used to generate a radioactive muon
source in a depolarazing sulfur target,

180 triangular timing tiles are distributed uniformly within the 20 SuperTriangles
of an icosahedral geometry centered on the target.
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Given the different approaches (pion DC vs pulsed muon beam) FAST and pLAN
will have complementary systematics sources: good {-rnHch-inE




MuLan 2004 Analysis

9l x* 1 ndf 484 [ 485

107 N 8.048e+08 + 10472

T T, [PPM 89.86 + B.18

B B 3.95e+06 + 146

B a 0.01274 + 0.00084

B s 1.13+ 0.00
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Full statistics lifetime histogram with fit. The fit parameter 75, — 7y shows the

statistical precision of this data set to be 8.2 ppm.



Going from Fermi model (contact
interaction) to Standard Model:

V2g?

= Bﬁt ﬁ._

GF (].'i‘-“i\f)

Ar are the Electro-Weak corrections:

Ar = f(Aa,ms, my) = Aa—cot? O Ap+. ..

W propagator effects (o E?[mﬁf miy )
~ (.52 ppm) are traditionally included in
the definition of G g
Other contributions (o< m? and log mpy)
are used to derive indirect limits on
unmeasured parameters.

The present value of 6G /G g affect the
prediction for My at the percent level



