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MuCap Physics Case
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udoscalar Form Factor g, T

etermined by chiral symmetry of QCD: p ,g“NN .l
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PCAC pole term Adler, Dothan, Wolfenstein g

ChPT leading order one loop two-loop <1%

N. Kaiser Phys. Rev. C67 (2003) 027002

 ¢p basic and experimentally least known EW nucleon form factor
 solid QCD prediction via HBChPT (2-3% level)

 basic test of QCD symmetries

Recent reviews:
T. Gorringe, H. Fearing, Rev. Mod. Physics 76 (2004) 31
V. Bernard et al., Nucl. Part. Phys. 28 (2002), R1
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* Interpretation requires knowledge of ppu population

_ » Strong dependence on hydrogen density ¢
singlet (F=0)
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—evv decays
easure 7, to 10ppm,

—>As=1lr, -1t to1%

m Unambiguous interpretation at
1% LH, density

m Clean u stop definition in active
target (TPC) to avoid wall stops

m Ultra-pure gas system and purity
monitoring at 10 ppb level

m Isotopically pure “protium”

fulfill all requirements simultaneously
unigue MuCap capabilities




op in active TPC target ¥
k.

10 bar ultra-pure hydrogen, 1.16% LH,
2.0 kV/cm drift field
~5.4 kV on 3.5 mm anode half gap

bakeable glass/ceramic materials

Observed muon stopping distribution

3D tracking w/o material
in fiducial volume
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u-e impact parameter cut
huge background suppression

diffusion (deuterium) monitoring

blinded master
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Measurement of the Rate of Muon Capture in Hydrogen Gas and
Determination of the Proton’s Pseudoscalar Coupling gp
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Before MuCap experiments inconclusive and mutually inconsistent

MUCCIP * MuCap result nearly model independent
First precise and unambiguous resulit

» Consistent with chiral prediction
Does not confirm radiative muon capture (RMC) discrepancy

* Final result (’06 and ’07 data) will reduce error twofold




MulLan Scientific Case

undamental electroweak parameters
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Improved Measurement of the Positive Muon Lifetime and
Determination of the Fermi Constant
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The mean life of the positive muon has been measured to a precision of 11 ppm using a low-
energy, pulsed muon beam stopped in a ferromagnetic target, which was surrounded by a scintillator
detector array. The result, 7, = 2.197013(24) ps, is in excellent agreement with the previous world

average. The new world average 7, = 2.197019(21) ps determines the Fermi constant Gp =
1.166 371(6) x 10~ % GeV 2 (5 ppm). Additionally, the precision measurement of the positive muon
lifetime is needed to determine the nucleon pseudoscalar coupling gp. 6 /5 /07 acce pte d P R L
arXiv:0704.1981v1 [hep-ex]
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pp-fusion

model-independent connection via EFT & L.,

Goal

total ud capture rate to 1% precision

MEC

EFT

Motivation

* first precise measurement of basic EW reaction in 2N system,
benchmark measurement with 10x higher precision

« impact on fundamental astrophysics reactions (SNO, pp)
« comparison of modern high precision calculations (EFT/SNPA)

* high precision feasible by uCap technique and careful optimization
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*MuSun needs both, dp and precision lifetimes




