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The observed lifetime of the In matter differs from that of the

* because of nuclear capture. In 10 atm protium (*H,) gas:
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A small difference between two big numbers: must measure
both very precisely!



Quark level: Nucleon level:
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At quark level, currentis justV A form: (1  5).

“Induced form factors” result from QCD binding of nucleon:
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+ second class currents

gv =0:9755(5) ga =1:245(3) gu = 3:5821(25)

Precise measurements exist for all other form factors, but not g,



Pseudoscalar (i.e. pion) interaction:

P n

m r]m

Partially conserved axial current (PCAC):
2m my

O () = Togr-9a(0)=8:7atq=pn pp! o= 0:88m°
Heavy baryon chiral perturbation theory (PT ) —
effective eld theory, series expansion in the light quark m ass:

gp() = 2o 9w T 1g,(0)m myri =8:26 0:23( 3%)

m2 g2

Two rather different methods seem to agree well.

PT is alow-energy expression of a fundmental symmetry of
QCD, so it is important to check it.



mCap (proposed)
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Uncertainty of “20%” would be quite optimistic.
Cap is far less sensitive to ,, than previous experiments.

Goal: 1% measurement of capture rate gives 7% of g,
10 ppm measurement of lifetime: 10'° muon decays



decay 7» =13 ¢!
4.510°s!

triplet
(F=1)

deuterium

= density: Cap uses 10 atm gas, 1% of liquid H, density, so
less molecular formation than previous experiments.



Detector overview

Tracking of muon to its stopping point in TPC: active target
Electron detector: 75% of 4 coverage



From CAD drawings to the real world

Precise measurement of muon capture on the proton — p.8/12



No impact parameter cut
6 cm impact parameter cut
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2.5 10° clean pileup-protected stops.
Statistically, 3% measurement of capture rate.

Already potentially interesting physics!



Purity of 7 10 8 maintained in 2004 run: 16 ppm in lifetime.

TPC and vessel are baked to 115 C.
Initial lling through Pd lIter; circulation through Zeoli te.

H,O strongly suspected as primary contaminant.
Correction possible by extrapolation from impurity-doped lIs.
Online monitoring of recoil nuclei:



d-p scattering cross section has “Ramsauer-Townsend”
minimum at 1.6 eV: diffusion far from stopping point

Protium (c > 3 ppm)
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Muon stopping point: shell number [  » 4 mm/shell]

Concentration of 3 10 ° will require 30 ppm correction.

Compute by extrapolation of -e impact parameter cuts for
various deuterium concentrations.



2005:

Improve online diagnostics of gas purity (H,O analyzer).

Add neutron detectors for kinetics studies.

Add waveform digitizer electronics for electron scintillators and
TPC (selected events).

Start of production run in November/December.

2006 and beyond:
Final production run to collect full proposed 10'° statistics.
“Muon-on-request” pulsed beam mode with Lan kicker may
allow even greater statistics.

Measure muon capture rate in deuterium:

Test of two-body currents
Determine L 1.4 ; calibrate neutrino experiments and the

Standard Solar Model

Frederick Gray (fegray@berkeley.edu)
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