Precision Measurements with Pions
Measurements of (TT—eV)/ (IT— V) Branching Ratio

Toshio Numao
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History of TT— eV decay
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SM branching ratio calculations
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Inputs: F,/F ,F ... Tl— €VY, pion life
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Beamline experiment
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“New” result by Primex group
will be published soon.




Present Status of TT— eV Measurements

R =1.2352 +0.0001%10%

e/

Re/u— 1.2265 £ 0.0034 £ 0.0044 x10~* (TRIUMF, '92)

exp

R, = 1.2346 +£0.0035 = 0.0036 x10~* (PSI, '93)

Two new 1nitiatives for 0.1> % measurements
- PIENU at TRIUMF
- PEN at PSI




lu-e¢ Lepton Universality

W
\/\/\P< [ Mode ge/gu
v 2 T—eV/TUV | 0.9985 + 0.0016
RY = ng - ev) ge2 K~ eV/K—pv | 1.0018 =0.0026
~WV) & [ Cevw/—uwv | 1.0001 £ 0.0020°
ve/VU scatt. | 1.10 +0.05
M [V W decays 0.999 +0.011
M - - / K- 1ev/iIK-Tuv | 0.9979 £ 0.0025
v *to be updated.




Beyond the Standard Model

New PS interaction
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Beyond the Standard Model

R-Parity Violating SUSY

1 SUSY SM
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Beyond the Standard Model

l=e,p
Afew x 10“deviation is expected.
- Extra Higgs
Masiero,Paradisi,,, - Excited gauge bosons

- Compositeness

Massive neutrino  SUGSURSUCIU()
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Method

A(Tt- eV) normalized by the number of stopped pions.
- TO, decay 1n flight, acceptance...

A(T[—> GV)/ A(T[—> |.,lV) Czapek et al.
- Acceptance difference,...

A(T[—> GV)/ A(T[—> H — e) Britton et al.
- Pion life, Energy dependent cross section...

Common uncertainty
- Low energy tail of the 11— eV peak.
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Old (TRIUMF E248) experiment

R=(1.2265+0.0034+0.0044)x10
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Setup of the TRIUMF experiment E1072

Nal in beam

Solid aﬂgle =20 % Target assembly

Separated beam

Ring counter (Csl)
e traCklng Silicon strip
Close T1 to targ. 153121100n strip

B3 (target)
Silicon strip
T1

Lower beam rate (70 kHz)
pion/positron>50



PIENU Detector

CsI’s




Time spectra (PIENU)
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-10x less BG 1n Ti- eV region.

BG is from neutral PU.

More n shield, more distance.
-Twice wider time range.

To fit exp(-At),exp(-2At),const.
-Lower-rate/cleaner beam.




Low energy tail

Tail can be suppressed by Csl. RGSp onse function of the
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Tail correction
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Empirical Tail correction |
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The PEN apparatus

o stopped 7" beam

o active target counter
o 240-det. Csl(p) calo.
o central tracking

o digitized PMT signals
o stable temp. /humidity

PEN Detector 2009
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Ay? vs. positron energy

. decay time
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Status

PIENU
Accumulate 3 M clean events by the end of 2010
Another 3 M events 1n 2011

PEN
Accumulated 5 M clean events.
Running for another 5 M events in 2010.




Summary of uncertainties

Source Old Triumf PIENU  PEN
Statictical 0.0028 0.0005  0.0002
Low-energy tail  0.0025 0.0003

Accept diff. 0.0011 0.0003  0.0002
Pion life 0.0009 0.0002

Other 0.0011 0.0003  0.0002

Total 0.0047 0.0006  0.0005



For normalization
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Conclusion

-m-ev 1s not rare decay---it is used even for normalization.

-Precision measurement of m-ev provides the best test of
u-¢ universality.

- T-ev 1s sensitive to the presence of PS interactions---
physics beyond the SM..

-Two experimental results at <0.1 % precision are expected to
come out 1n a few years.
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