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PIBETA/PEN program of π, µ rare decay measurements

I π+ → π0e+νe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PIBETA (’99–’01)
◦ SM checks via q-l universality and CKM unitarity

I π+ → e+νeγ(or e+e−) . . . . . . . . . . PIBETA (’99–’04), PEN (’06–’10)
◦ FA/FV, π polarizability (χPT calibration)
◦ tensor coupling besides V − A (?)

I µ+ → e+νeν̄µ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TWIST (’03–’04)
◦ departures from V − A in Lweak

I µ+ → e+νeν̄µγ(or e+e−) . . . . . . . . . . . .PIBETA (’04), PEN (’06–’10)
◦ departures from V − A in Lweak

I π+ → e+νe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

{
PEN (’06–’10)

PiENu (’06–)◦ e-µ universality
◦ pseudoscalar coupling besides V − A
◦ ν sector anomalies, Majoron searches, mh+, PS l-q’s, V l-q’s, . . .
◦ search for signs of SUSY (MSSM)
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Observed pion and muon decays

Decay Branching ratio Decay label

π+ → µ+ν(γ) 0.9998770 (4) (πµ2)„
τ '
26 ns

« µ+νγ 2.00 (25)× 10−4 (πµ2γ)
e+ν(γ) 1.230 (4)× 10−4 (πe2) X
e+νγ 7.39(5)× 10−7 (πe2γ) X
π0e+ν 1.036 (6)× 10−8 (πe3, πβ) X
e+νe+e− 3.2 (5)× 10−9 (πe2ee)

π0 → γγ 0.98798 (32) X„
τ '
85 as

« e+e−γ 1.198 (32)× 10−2 (Dalitz)
e+e−e+e− 3.14 (30)× 10−5

e+e− 6.2 (5)× 10−8

µ+ → e+νν̄(γ) ∼ 1.0 X„
τ '

2.2µs

« e+νν̄γ 0.014 (4) X
e+νν̄e+e− 3.4 (4)× 10−5
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PIBETA/PEN apparatus

• stopped π+ beam
• active target counter
• 240-detector, spherical

pure CsI calorimeter
• central tracking
• beam tracking
• digitized waveforms
• stable temp./humidity
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Muon decay parameters: µ→ eν̄eνµ

d2Γ
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4π3
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Parameters of radiative muon decay: µ→ eν̄eνµγ

d3B(x , y , θ)

dx dy 2π d(cos θ)
= f1(x , y , θ) + η̄f2(x , y , θ) + (1− 4

3
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Radiative muon decay,

µ+ → e+νν̄γ,

new analysis of 2004 data

(thesis E. Munyangabe)

∆t = te − tγ −→

cos θeγ −→
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Radiative muon decay,
µ+ → e+νν̄γ,
new analysis of 2004 data
(thesis E. Munyangabe)

Eγ −→

Ee+ −→

”Split clumps” very well
accounted for!
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RMD preliminary results: Bexp (thesis E. Munyangabe)

Preliminary RMD branching ratio for Eγ > 10 MeV, θeγ > 30◦:

Bexp = 4.365 (9)stat (42)syst × 10−3 , 29× improved precision

BSM = 4.342 (5)stat-MC × 10−3 (based on > 500k RMD events)

Systematic uncertainty budget:
Quantity Rel. syst.

uncert. (%)
Photon energy calibration 0.73
Background subtraction 0.14
Positron energy threshold 0.26
Positron energy calibration 0.18
Photon energy threshold 0.41
Cosine opening angle 0.29
Time window selection 0.12
Misidentified events 0.03
Total relative syst. uncert. 0.96
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RMD preliminary results: η̄ (thesis E. Munyangabe)

η
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Quantity δη̄
Photon energy calibration 0.016
Background subtraction 0.003
Positron energy calibration 0.005
Cosine opening angle 0.006
Time window selection 0.002
Misidentified events 0.0003
Total systematic uncert. 0.018

η̄: Most sensitive phase space
subset:

13 MeV < Eγ < 45 MeV, and
10 MeV < Ee+ < 43 MeV,

yields:

η̄ = 0.006 (17)stat (18)syst

or, in terms of an upper limit:

η̄ <

{
0.023 (68%CL)

0.029 (90%CL)

⇐ Systematic uncertainty
budget for η̄.
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History of η̄

Our result is almost 4×
more precise than the
best previous experiment
(Eichenberger et al, 84).

(Further improvement
expected with PEN data)
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