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Muon lifetime measurement 2

* Muon lifetime is the best way to determine the Fermi coupling constant G,
which is an important input for the weak interaction tests (such as My, ) .
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— Aq : correction from electron mass, QED 1st and 2"d order radiative correction.
Its theoretical uncertainty is 0.14ppm

— m, : Muon mass. Measured to be 105.6583755(23) MeV (0.02ppm).
— Ty :Muon life time.
* Most precise value of T, is given by the MuLAN experiment at the precision of
(1.0ppm).
— T, = 2196980.3 + 2.1 (stat) £ 0.7(syst) ps
* Experimental error on T, limits the precision of Gp.

e Comparison with the MuLAN result
may be a test of time dilation in special and general relativity.



Muon storage region in E34 experiment

Muons are injected into the storage region, and follows a cyclotron motion.

Storage region:
— Beam profile
e Z:~x10 mm (VBO amplitude) Y -
e Lorentz factory: 3.0 (spread: 0.04% in rms) = 5

— B_z: 3T (uniformity: 0.1ppm)

Decay positrons are measured
by a silicon strip detector. 9

— g-2 meas. by a wiggle of decay time dlstrlbutlonf
— EDM meas. by a wiggle in the up-down asymmetry)
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Muon lifetime meas. at E34

This setup can also be used for muon lifetime measurement.
Dilated lifetime of muon y, 7, from decay time spectrum of positron

Lorentz factor of muon y,, from cyclotron period
measured from muon bunch motion.
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Dilated lifetime y,, 7, measurement 5

Dilated muon lifetime y, 7, can be obtained from the Wiggle plot.
Expected statistical uncertainty is 1.4ppm (comparable to MuLAN.)
— assuming N, = 5.2x10%?, and positron detection efficiency of 12 % (TDR statistics)

Further improvement may be possible by efficiency enhancement
by detecting the decay positrons with lower momentum.
— Increase number of vane

— Track finding algorithm improvement
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Lorentz factor y,, measurement 6

* Lorentz factor of muon y,, will be measured from its cyclotron period t.,
which can be measured from the muon bunch position.

— Yu = eB/(tcm,2m)

* Cyclotron period is measured from the motion of muon bunch.

Motion of each muon bunch can be measured
from reconstructed decay vertex and timing.

decay vertex : intersection of muon storage orbit muon
. storage orbit
and measured positron track. e
decay timing: measured timing of positron track Oﬁ\\
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Lorentz factor y,, measurement

* Inreality, distribution of y,, has also to be measured.
— Design value of y,, distribution : 0.04% rms.
* This should be possible from the “de-bunching speed” of muon beam.

Simulated muon position (as a function of time from injection)
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New timing counter

* Timing resolution of the silicon strip detector may not be sufficient for y,,
measurement.
— Expected timing resolution is limited for ~ 1.2ns.
* Depending on the number of vane hit by each positron
— Minimum interval between bunches is ~ 1ns.
* Bunch by bunch separation is difficult with this timing resolution.

A new detector dedicated for the timing measurement is under consideration.

muon

— Fast plastic scintillator + SiPM readout storage orbit

— ~ 100 small scintillator blocks (3X3X20 mm3) = — — e
mounted on the center pole of silicon tracker 00%2*?\ ~
— 100ps timing resolution should be achievable. ,Q"%: \i}\ N
* Based on the technology adopted in track reco. | h

MEG II/Mu3e experiment. by Si tracker




Summary 9

A possibility of a precise muon lifetime measurement in J-PARC E34 experiment
is discussed.

The dilated muon lifetime y, 7, is obtained from the decay time spectrum.

The Lorentz factor y,, is obtained from the cyclotron period, which is

reconstructed from the decay positron tracks. A new additional detector for
timing measurement is being discussed.

Statistical uncertainty will be ~ 1ppm, which is better or comparable to the
current upper limit given by the MulLan experiment.

Systematic uncertainty has to be investigated, especially on the pileup effect on
efficiency, the muon loss, the precision of y,, measurement, and the effect of

VBO/CBO etc...

We start thinking about this possibility recently, and we would appreciate it if you
could give us some comments and advices based on your experience at BNL/FNAL.
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MuLAN result 11

7,(R06) = 2196979.9 + 2.5(stat) =+ 0.9(syst) ps  (20) Uncertainty R0G (pper).  RO7:(ppm)
Kicker stability 0.20 0.07
and M SR distortions 0.10 0.20
Pulse pileup 0.20
7,(RO7) = 2196981.2 = 3.7(stat) = 0.9(syst) ps. (21) Gain variations 0.25
Upstream stops 0.10
The combined result Timing pick-off stability 0.12
Master clock calibration 0.03
7,(MuLan) = 2196980.3 = 2.1(stat) = 0.7(syst) ps (22) Combined systematic uncertainty 0.42 0.42
Statistical uncertainty 1.14 1.68
g Balandin - 1974
¢ Giovanetti - 1984
® Bardin - 1984
— Chitwood - 2007
—— Barczyk - 2008
e MuLan - R06
) ) - S ) ) ) . MulLan - R07
2.19690 2.19695 2.19700 2.19705 2.19710 2.19715 2.19720
T (us)

Gr(MuLan) = [1.1663787(6) X 107°] GeV 2 (0.5 ppm).



MulLanZ3ESRHIE 12
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muon lifetime stat
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110-130 MeV
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170-190 MeV
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