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Thedecay p —e +y
has never been observed.

The current upper bound on the decay
branching ratio is

I'/T < 57x10"8

total

(MEG collaboration)

The decay p~ — e™ + y would violate the
conservation of Lepton Flavor Number.

Neutrino oscillations do violate
conservation of Lepton Flavor Number.

So Lepton Flavor Number conservation is
not an absolute symmetry of nature.

Because v, — Vv, occurs In neutrino
oscillations, the decay p~ — e + y must
occur.

But the decay rate in the Standard Model
1s very VERY small.




From author Petcov, 1977

C.T.Nerxkos

MPOUECCH fi~e +Y, l-e + e +E V- U+ y
B MOJE/M BAMHBEPT'A-CAJIAMA
CO CMEUWMBAHMEM HENATPUHO

rg ,/‘-\w
o/ - \\
F H vy e
¢ '}
W, 7N % wW/T Saw
— A L o\
M vy € & Hu vy e

Puc. |. JQuazpammsl mpenvezo nopaoxa 048 pacnada

G

Neutrino interactions

Neutrino mass mixing

v Dot Mo

i:‘v‘ < g- ?LM W“

Ue Ug, Uez Ue_z V)
Y | = U Upz Uuy <3
W
Ve U e e U 7
—
Ve yé, Flavor Conversion:
/( v How do neutrinos propagate
U#( e in spacetime?
Gy R
Ml - Q@ — 7= im*2-m? ) sinf cosl) =
8” \/ 2
/7/
- o bl .
x ulp’) -E—(l -y} ———’-’g—i—u(p)&- q).
O H ’J
Y M
Gzt(m’z"mg)2 ) 1
e e+ y) = - —z—a-( sind cos? \2 m, . /8/
12,9 37 4 g




Also 1977 ...

LEPTON MIXING, i - e +y DECAY AND NEUTRINO OSCILLATIONS
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where My, is the mass of the intermediate W boson
(My 2 37 GeV).
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1. Neutrinos only. It is well known that the charg-
ed lepton current in the standard theory of weak in-
teraction has the form:

Jou = VeL Yo ®L * Yyl YaML» (1

where v, and v, are the operators of the electron and
muon neutrino fields e; ={(1+vs)/2}eetc. Insucha
theory, the decay u — e + vy obviously is strictly for-
bidden.

In refs. [1,2] the assumption was made that v, and
v, in the expression of the current are orthogonal
combinations of the fields of two neutrinos vy, v,
with finite masses m,, m,

Yy =vycosf +p,sinb

v, = — vy sinf +py cosb, (2)

where 8 is a mixing angle.

In such a theory new phenomena arise as neutrino
oscillations [2] and the processes u ~ ey, u > 3e etc,
due to neutral asymmetrical lepton currents induced
by a high order perturbation theory.
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where My, is the mass of the intermediate W boson l b bl

(MW > 37 GeV). tru y unobservaple
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EXOTIC DECAYS OF THE MUON AND HEAVY LEPTONS IN GAUGE THEORIES* Marciano and Sanda
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We have studicd the decay ) — 25 ++ for arbitrary like charged spin % leptons in a manner which is applicable to
a large class of models. Our computations assume that this process is induced by one loop diagrams. When the leading
effect is cancelled by a leptonic G.I.M. mechanism, we find an extremely large enhancement of O(M‘\‘VIM‘I“) in
[(u~—e +e*+e7)/T(u"— e~ +17) if the intermediate lepton is charged.

The starting point for our work is the assumption that the decay in (1) is induced in gauge theories through the
one loop diagrams of fig. 1 because of lepton flavor changing terms in the interaction Lagrangian of the form*?

‘El =& ?W“Tli'y#(a,-}-'y, + bi;‘7+)Lj - (Ef%) 1Z}> STZi[mgi(a,-]-’}'_ + b;‘j‘h) - ij(ai,'7+ + biﬂ'_ ) Lj +h.c.,
1. =(1£75)/2, 4)
where the leptons £, Li and the intermediate vector boson carry electric charges Qe, Q'e and (Q — Q") e respectively,

‘the couplings of the unphysical Higgs boson S have been added to insure gauge invariance [5] and g is the usual
usual weak coupling. The real constants*? a;; and bj; are arbitrary; however they would be fixed by the choice of
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Because of gauge invariance, the non-vanishing invariant amplitude for the decay process £; = €, + ¥ must be of
the general form

M = e4q” 2 (p,) 0,,(A+BY5)(py), q=pP;—p3, 0,,=i [7“, 7,112, (5)
which leads to the decay rate
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Using the couplings in (4), we computed the graphs in fig. 1 and found to leading order in 1 /M%V

A\_ €Gr 9Q' - 50 ,
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where G = g2 /2\/§M$V is the Fermi constant *? . Specializing to the case ¢ 1= M, &5 = e and remembering
G%mi
Fu—rew)= 8)
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The analysis of a combined data set, totaling

3.6 X 10" stopped muons

DOI: 10.1103/PhysRevLett.110.201801

on target, in the search for the

lepton flavor violating decay w* — e™ 7y is presented. The data collected by the MEG experiment at

| the Paul Scherrer Institut|show no excess of events compared to background expectations and yield a new
upper limit on the branching ratio of this decay of 5.7 X 10™'3 (90% confidence level). This represents a
four times more stringent limit than the previous world best limit set by MEG.

PACS numbers: 13.35.Bv, 11.30.Hv, 11.30.Pb, 12.10.Dm




MEG Collaboration

The Paul Scherrer Institute
Zurich, Switzerland
590 MeV proton accelerator

The Swiss Muon Source

Swiss Muon Source (SuS)

Low Energy Muon Beamline of the Swiss Muon Source (SuS)

The Swiss muon source — powered by the PSI 590 MeV cyclotron with a
proton current of 2200 mA — is the world's most intense continuous beam
muon source. The proton beam hits two graphite targets. Attached to those
are seven beamlines for muon (or pion) extraction, two of them are
equipped with superconducting decay channels. The available muon
energies range from 0.5 kV to 60 MeV.
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The observed profile likelihood ratios as a function of i o ]
the branching ratio are shown in Fig. 3. The best B esti- -
mates, upper limits at 90% C.L. (By,) and Sy, for the Z ]
combined 2009-2010 data set, the 2011 data alone and s ]
the total 2009-2011 data set are listed in Table I. The By, b T
for the latter is 5.7 X 1073, As a quality check the maxi- 1
mum likelihood fit is repeated for the 2009-2011 data set _'
omitting the constraint on the number of background ]
events. We obtain Nyyp = 163 * 32 and Ny = 2411 = ,
57, in good agreement with the expectations estimated 56
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FIG. 2 (color online). Event distributions for the combined E ©° o
[ -

2009-2011 data set in the (E,, E,) and (cos®,,, 1.,) planes.
In the top (bottom) panel, a selection of [z, | < 0.244 ns and
cos®,, < —0.9996 with 90% efficiency for each variable
(524 < E, <55 MeV and 51 <E, <555 MeV with 90%
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The signal PDF contours (1, 1.64 and 2 o) are also shown. cos©,,
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TABLE 1. Best fit values (By,’s), branching ratios (By,) and
sensitivities (Sy).

Data set By, X 102 Byy X 10'2 Sop X 102

2009-2010 0.09 1.3 1.3
2011 —0.35 0.67 1.1
2009-2011 —0.06 0.57 0.77
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FIG. 3 (color online). Observed profile likelihood ratios (A )
as a function of the branching ratio for the 2009-2010 combined
data, the 2011 data alone, and the combined 2009-2011 data
sample.

In conclusion the MEG experiment has established the
most stringent upper limit to date on the branching ratio of
the u* — e"y decay, B < 5.7 X 107" at 90% C.L. using
data collected between 2009 and 2011, which improves
the previous best upper limit by a factor of 4. Further data
have also been acquired in 2012 with an additional three-
month run scheduled for 2013; the final number of stopped
muons is expected to be almost twice that of the sample

analyzed so far. Currently an upgrade program is underway
aiming at a sensitivity improvement of a further order of
magnitude [21].
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It is getting close to the wire for the alternative
theories: the blue dots represent the cloud of
predictions for the probabilities of the rare decays —
based on varying the model parameters that might
describe the theories beyond the Standard Model.
Through the PSl-researchers’ new measurements,
the brighter area on the right has now been ruled
out. (Blankenburg et al. Eur. Phys. J. C 72, 2126
(2012) und Daten aus J. Adam et al. Phys. Rev.
Lett. 110, 201801 (2013))
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Search for the lepton flavor violating decay Z — eu in pp collisions 600 (5=8Tev, 203" HMMZo 7
at /s = 8 TeV with the ATLAS detector T Multijet ]
w ]
G. Aad et al. 500 - Diboson ]
(ATLAS Collaboration) T ]
(Received 26 August 2014; published 23 October 2014) > 400 I Top b
Data _
The ATLAS detector at the Large Hadron Collider is used to search for the lepton flavor violating ((3 ' Z e -
process Z — ey in pp collisions using 20.3 fb~! of data collected at /s = 8 TeV. An enhancement in the c\o " 5
ey invariant mass spectrum is searched for at the Z-boson mass. The number of Z bosons produced in € 300 B=1.0x10 ]
the data sample is estimated using events of similar topology, Z — ee and pu, significantly reducing the 9 ]
systematic uncertainty in the measurement. There is no evidence of an enhancement at the Z-boson mass, w 200 =
resulting in an upper limit on the branching fraction, B(Z — eu) < 7.5 x 1077 at the 95% confidence level. g
DOI: 10.1103/PhysRevD.90.072010 PACS numbers: 12.60.-i 100 -
0 LS
VIL. RESULT 70 75 80 8 90 95 100 105 110
The m,, distribution with the background expectations m,, [GeV]
superimposed is shown in Fig. 2. The mass spectrum is
consistent with the MC background expectation with no FIG. 2 (color online). The ey invariant mass distribution in data
evidence of an enhancement at the Z mass. The mass with the background expectations from various processes after
spectrum is fit as a sum of signal and background all cuts are applied. The hatched bands show the total statistical
contributions as shown in Fig. 3. The signal shape is a uncertainty of backgrounds. The expected distribution of Z — eu
binned histogram obtained from the signal MC sample and signal events, normalized to 13 times the upper limit on the
the absolute normalization is a free parameter in the fit. branching fraction [13 x B(Z — eu) = 1.0 x 107}, is indicated
The background is a third-order Chebychev polynomial by a black line.
function. The fit yields a signal of 4 & 35 events.
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100~ = olati
C ] A search for the lepton flavor violating process Z — eu
50 3 in pp collisions was performed with the ATLAS detector at
- s the LHC. There is no evidence of an enhancement at the
= 20ET]H] || R Z-boson mass in the m,, spectrum for the data set with an
” 10;— “1a. . . . . —1 - .
P 185' f 'IT'##]T?' oyt ontipe integrated lummomFy of 20.3 fb at /s —.8 TeV. Using
S 20E U ’ f H E the CL, method with a one-sided profile likelihood as a
70 75 80 8 90 95 100 105 110 test statistic, an upper limit of 83 signal events at 95% C.L.
Moy [GEV] was found. This leads to an upper limit on the branching
. _7 . .
FIG. 3 (color online). The ey invariant mass distribution fitted fraction of B(Z - eﬂ) <7.5x 107" at 95% C.L., Slgmfi'
with a signal shape obtained from MC simulation and a third- cantly more restrictive than that from the LEP experiments.
order Chebychev polynomial to describe the background (solid).
The observed 95% C.L. upper limit (dashed) is indicated
[B(Z = eu) = 7.5 x 1077]. The lower plot shows the data with
the background component of the fit subtracted.




