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Motivation for Studying Muon Decays

• Muons are an excellent window into the Weak interaction.

◦ Strong interactions are absent to very good approximation.

◦ Electromagnetic interactions are precisely understood.

◦ Muons decay into lighter leptons (and photons) but not

hadrons.

• New physics (e.g., SUSY, LRSM etc.) predicts observable effects

within reach of current high precision experiments.

◦ MuLAN, FAST, TWIST, MEG, g − 2, Mu2e . . .

• Measure B( µ+ → e+ννγ ) over broad region of phase space

◦ Increase precision of Michel Parameter η

◦ Consistency check of Michel Parameter ρ
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Muon Decay Observables

µ+ → e+νν

Adapting to PIBETA experimental conditions:

• unpolarized muons

• unobserved e+ polarization

• neglect the small term ∼ ηx0 . 10−4

⇒
dΓ

dx
=
mµ

π3
W 4
eµG

2
F

√

x2 − x2
0

[

x(1− x) +
2

9
ρ(4x2 − 3x− x2

0)

]

! PIBETA can measure ρ by observing the e+ energy spectrum !



3-a

Muon Decay Observables

µ+ → e+νν

Adapting to PIBETA experimental conditions:

• unpolarized muons

• unobserved e+ polarization

• neglect the small term ∼ ηx0 . 10−4

⇒
dΓ

dx
=
mµ

π3
W 4
eµG

2
F

√

x2 − x2
0

[

x(1− x) +
2

9
ρ(4x2 − 3x− x2

0)

]

! PIBETA can measure ρ by observing the e+ energy spectrum !



4

Radiative Muon Decay Observables

µ+ → e+ννγ
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The PIBETA/PEN Detector
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Experimental Method

• Stop π+s in the active target

◦ ≈ 100% decay via π+ → µ+ν

◦ µ+ stays in the target

◦ µ+ decays at rest

• Detect e+s and γs from the decay

◦ Energy, direction, time

• Sort out candidate events

◦ µ+ → e+νν : any event with a e+ track

◦ µ+ → e+ννγ : any event with an additional γ track

• Normalize the radiative decay to the nonradiative decay

◦ B( µ+ → e+ννγ )/B( µ+ → e+νν )

• PEN digitized beam elements waveforms = reduced systematics
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Muon Decay Time Spectrum: µ+ → e+νν
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µ+ → e+ννγ Event Signal: ∆t ≡ te+ − tγ σ∆t ≈ 1 ns

The “out-of-time” background (5 < |∆t| < 10 ns) is subtracted from

the “in-time” signal (|∆t| ≤ 5 ns).
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µ+ → e+ννγ Differential Branching Ratio

Bexp = [4.40± 0.02 (stat.)± 0.09 (syst.)]× 10−3 14×!

Btheo = 4.30× 10−3 (Eγ > 10MeV, θ > 30
◦)

Small angle bremstrahlung simulation dominates the systematics
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Dependence on η and ρ

η and ρ both free

(curves of constant χ2)

η free, ρ = ρSM =
3
4
fixed
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Final Results for η and ρ

Fit type η ρ

Two-parameter fit −0.086± 0.064 0.750± 0.007

One-parameter fit

−0.084± 0.060 0.75 (fixed)

Combined: η = −0.084± 0.050(stat.)±0.034(syst.)

⇒ η ≤ 0.033 (68% c.l.) or η ≤ 0.060 (90% c.l.)
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Experimental History of η
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What’s new?

∆t = tγ - te (ns)
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So far we’ve collected >150k events and expect the same number in

phase III
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Summary

• First precise measurement of B( µ+ → e+ννγ ) over a large

phase space

◦ 313 events (bubble chamber) → 4.2× 105 events

◦ 30% uncertainty → 2% uncertainty

◦ Bexp = (4.40± 0.09)× 10−3, (Btheo = 4.30× 10−3)

• New measurement of Michel parameter η

◦ η ≤ 0.087 → η ≤ 0.033 (68% c.l.)

◦ new world average: η ≤ 0.028 (68% c.l.)

◦ reduced by a factor of 2.5

• More results are coming soon

◦ We are looking to double the PIBETA statistics

w/ better quality data

◦ Exciting new possibilities of using digitized beam elements data
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