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Abstract
t
A search has been performed for the lepton flavor violating reaction

p~ + Ti » e” + Ti using a time projection chamber. No candidate events

r(up +Ti»e™+Ti)
were observed, resulting in a limit of —&
’ 8 r(p~+Ti+Capture)

(90% C.L.) for this reaction relative to ordinary muon capture.

<1l.6 x 10711

(Submitted to Physical Review Letters)

Present address: Hw>mr. Los Alamos, New Mexico 87545

TRIUMF, 4004 Wesbrook Mall, Vancouver, B.C., Canada
+m=cv0nnma in part by the National Science Foundation

IR,

-2 -

CM-P00067378

Neutrinoless muon—-electron conversion in the field of a nucleus

W tZre” +2 (1)

has been discussed as a potentially favorable process with which to
search for lepton flavor violation.! Many attempts to incorporate
multiple generations (flavors) into the standard model of weak
interactions predict branching ratios for lepton flavor changing
processes, such as p»e conversion (1), p + ey and p + 3e, at the level of
< 1079 relative to ordinary flavor conserving processes, depending on the
masses and couplings of hypothetical neutral leptons, gauge bosons,
etc.275 1In some models,® mass limits in the multi-TeV range have been
obtained from the experimental upper limits for these reactions. The
signature of coherent p+e conversion (1) in which the nucleus remains in
the ground state is a ww:mwm.vmmx at the electron energy Eo ~ Etnulw.
where m, and B are the muon mass (105.7 MeV/c?) and the binding energy
of the muonic atom, respectively. The incoherent reaction leading to
excited nuclear states is suppressed because of the Pauli blocking
effect. Previous searches for coherent pu+e conversion using copper and

sulphur targets have led to limits (90% C.L.)

I'(uy~Cu » e~Cu)
T'(p"Cu + capture)

< 1.6 x 1078 (Ref. 6)

and r'(uy™s + e78)
I'(p™S + capture)

<7 x 10711 (Ref. 7).

In this letter, a new upper limit for p»e conversion in titanium
(Ee ~ 104 MeV) is reported.

The detection system is based on a hexagonal time projection chamber
(TPC) shown in Fig. 1. The titanium target is mounted on the TPC axis
surrounded by inner trigger counters consisting of six plastic

scintillators and a cylindrical wire chamber. The outer trigger counters
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spectrum of those electron events with P > 87 MeV/c is shown by the solid
line histogram in Fig. 2. No candidate events were observed in the 97 to
105.5 MeV/c region. The expected number' of events in this region due to
cosmic rays and beam pions was estimated to be less than one.

Since the n > ev data were taken under conditions similar to the ure
runs, the acceptances measured in n+ey runs included the efficiency
losses due to most cuts. Corrections for the other cuts, such as the
target position cut, were applied separately (because of the different
stopping distributions of the pion and muon beams). A typical acceptance
determined from the m+ev runs was ~12%. Average correction factors
applied to the acceptance due to the various cuts are listed in Table II.

Correction for the momentum window difference between the 67 MeV/c
nrev peak and the expected 101 MeV/c pre peak (including a 3 MeV/c loss)
was determined by Monte Carlo calculation. The momentum resolution for
the mrev peak, 6 MeV/c (FWHM), was reproduced by the Monte Carlo
calculation using position resolutions obtained from high energy cosmic
ray events. The calculation included all energy losses in the target, in
the material inside the TPC and in the TPC gas, and the effect of wa
forces® on the track segments near the wmomm wires. (The latter effect
results in a degradation of the resolution for positively charged
particles compared to negatively charged ones.) The result of a Monte
Carlo calculation corresponding to a branching ratio of 107!V is shown by
the dashed line in Fig. 2. The expected resolution of the u—e conversion
peak is 5 MeV/c (FWHM). The momentum window of 97~105.5 MeV/c for the

observed spectrum would include 80% of all B *> e conversion events.

The efficiency loss due to the m background cut was deduced from the
u>e runs by comparing the numbers of pion and non-pion associated events
in the momentum region 60-70 MeV/c, where p>evv events are dominant.

The multiplicative factor applied to the acceptance was 0.9. The
correction for the 50-600 ns software time window on the muon capture
lifetime in T1 was 0.7, which also included the timing spectrum distortion
due to extra muons in the target. The correction factor of 0.9 for the
target position cut was estimated from runs w»tm: at a lower magnetic
field to accept more prevv decay events. The correction factor for the

xw

cut and the visual inspection was mmn»Lmnmn to be 0.9 from prevv
events in the 80-83 MeV/c region.

The acceptance was calculated for each running period. The average
net efficiency over me nclfwnm periods was @ ~4%. The number of
muon stops in the Ti target was corrected for inefficiencies of the veto
counters. This correction was deduced from the decay curve of t+m<ﬂ
events by fitting it with two decay components, 71=329.3 ns for u~ in
titanium and ©,=2026.3 ns for p~ in carbon.ll A typical correction
factor was 0.9.

Based on the absence of candidate events in 5 x 1012 stopped muons
and assuming the Poisson distribution, the upper limit of the branching

ratio for the reaction (1) is

F'(p™ + T1i » e~ + Ti) < 2.3 -

R
T'(p~ + Ti + capture) 0.853 M“z»@»
i

R < 1.6 x 10~ (90% c.L.),
where Nj is the number of stopped muons in Ti, Q4 is the efficiency for
a specific run period, 1, and 0.853 is the p~-capture ratio in Ti. The

confidence level does not include an estimated uncertainty of 20% in the
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