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Phwsics  of Muonic Mows

TABLE 1. Some possibilities for laser spectroscopy of muonic atoms. The potential is
given for line centers determined to 1 part in 10°. (From [10]).

Physzcs Interest and Potential
"Muonium :  Measures Lamb shift (without udlear |
15 -25 hser mth an structure effects), QED recoil, ut mass.
enhancement cavity | Improve current 0.8 % Lamb shift and
2x1228.5 THz 5 ppm ut mass determinations by several
orders of magnitude.
Muonic Dye or Test QED vacuum polarization. Improve
‘He ion Ti:Sapphire current 0.2% o-particle charge radius
28 - 2P 369.6, 334.2 THz measurement by two orders of magnitude.
Muonic Carbon Probes QED vacuum polarization (insensitive
4He ion dioxide to nuclear structure). Sensitivity of 1/5 of
aD-3pP 30.4 TH=z linewidth would provide new test of vacuum
' . polarization. Potential for factor 200 more.
1 Muonic Carbon monaxide Measures proton charge radius,
Hydrogen or nonlinear polarizability, QED vacuum polarization.
25 - 2P mixing PSI aims at a 500 MHz measurement,
48.4 THz ﬁ{ﬂ}‘ﬁ to & few parts in 10°.
Muonic Difference Measures proton chatge radius and
Hydrogen frequency polarigability. A 10 GHz uncertainty
1S,F = 0,F = 1 | generation deterinines {r3)*/? to about 2%. Potential
43.9 THz for five more udeta of magnitude.
Muonic Tree electron Probes QED vacuum polarization
Hydrogen laser (insensitive to nuclear structure).
3D - 3P 1.6 THz 1 Potential for 6 ppm test of vacuum
polarization, an improvement of 1000

(KD\M!'G_/U- ek P e 435)
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TABLE 1. sin®8y uncertainties (not all the errors from NuTeV are available).

data statistics

Monte Carlo statistics 0.0004
TOTAL STATISTICS ] 0.0019 0.0019 0.0004
ve flux 0.0015 0.0006 << 0.0004
Cosmic Ray Background <0.0001 < 0.0001
Transverse Vertex 0.0004 0.0004 ~0
Energy Measurement
Hadron Energy Scale (1%) 0.0004 0.0004 0.0004
Muon Energy Loss in Shower 0.0003 0.0002 ~ 0.0001
Muon Energy Scale (l%) 0.0002 0.0002 | ~ 0.0002
Hadron Energy Resolution 0.0001 < 0.0001
NC/CC Ey.q Difference 0.0001 < 0.0001
e/x ratio <0.0001 ‘
Event Length . Irrelevant |
Hadron Shower Length 0.0007 0.0001
Counter Fiducial Size 0.0005 0.0004
Counter Efficiency 0.0004 0.0001
Counter Noise 0.0001 0.0002
Vertex Determination 0.0003 0.0007
TOTAL EXP. SYST. 0.0019 0.0012 < 0.0004
Charm Production, 3
(m. = 1.31 £ 0.24 GeV) 0.0027 ~0 ~ 07
Higher Twist 0.0010 0.0006 Need to be controlled
Longitudinal Cross-Section 0.0008 N/A Need to be measured
Charm Sea, (£100%) 0.0006 0.0004 Need to be measured
Non-Isoscalar Target 0.0004 0.0004 ~ Q) for Dy
Structure Functions 0.0002 0.0001 0.0001
Rad. Corrections 0.0001
/o | <0.0001 N/A
TOTAL PHYSICS MODEL 0.0030 ~00008 |  <<0.0008?
TOTAL, UNCERTAINTY 0.0041 0.0024 | < 0.0010 |
AMw | 0.21 GeV/ 0.11GeV/c* < 0.050GeV/c”
- - | 0.030Gev/e® (EXP)
| SSES — s e P
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