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K+ → e+νh decays in the NA62 experiment at CERN
[93–95], where νh ≡ ν4 in our notation. From the various
πe2, πµ2, Ke2, and Kµ2 peak search experiments, some
upper bounds include

• |Ue4|2 <∼ 10−7 − 10−8 for 50 MeV < mν4 < 135
MeV [90, 91];

• |Ue4|2 <∼ 10−6 − 10−7 for 170 MeV < mν4 < 450
MeV [94];

• |Uµ4|2 <∼ 10−2 to 10−5 for 5 MeV < mν4 < 30 MeV
[77];

• |Uµ4|2 <∼ 10−4 for 3 MeV < mν4 < 19.5 MeV [83];

• |Uµ4|2 <∼ 0.6 × 10−5 for 16 MeV < mν4 < 29 MeV
and |Uµ4|2 <∼ 1 × 10−5 for 29 MeV < mν4 < 32
MeV [96];

• |Uµ4|2 <∼ 10−8 − 10−9 for 200 MeV < mν4 < 300
MeV [89]; and,

• |Uµ4|2 <∼ (1− 4)× 10−7 for 300 MeV < mν4 < 450
MeV [94].

Recently, the NA62 experiment at CERN reported more
stringent preliminary upper limits on |Ue4|2 and |Uµ4|2:

• |Ue4|2 <∼ (1− 3)× 10−9 for 150 MeV < mν4 < 400
MeV, increasing to |Ue4|2 <∼ (0.3 − 2) × 10−8 for
400 MeV < mν4 < 450 MeV, and

• |Uµ4|2 <∼ (1 − 3)× 10−8 for 220 MeV < mν4 < 380
MeV [95].

Peak search experiments have also been conducted very
near to the kinematic endpoint in π+ → µ+ν4 decay,
which occurs at mν4 = 33.9122 MeV [85–87]. For mν4 =
33.905 MeV, a PSI experiment obtained an upper bound
BR(π+ → µ+ν4) < 6.0 × 10−10 (95 % CL) [87]. From
Eq. (5.16), we estimate an upper limit

|Uµ4|2 < 1.7× 10−8 (90% CL) at mν4 = 33.905 MeV,

(5.31)

which is shown in Fig. 2. An analysis of data on the µ
capture reaction µ−+3He → ν̄µ+3H yielded upper limits

on |Uµ4|2 from ∼ 0.1 to <∼ 10−2 for mν4 in the interval
from 62 MeV to 72 MeV [97]. See [13] for further limits
and references to the literature).
Upper limits on |Ue4|2 vs. mν4 from πe2 and Ke2 peak

searches are shown in Fig. 1, labeled as πe2 PIENU, Ke2

KEK,Ke2 NA62, andKe2 NA62*, as well as the Be2 limit
presented in [1], which will be discussed further below.
Upper limits on |Uµ4|2 vs. mν4 from πµ2 and Kµ2 peak
searches are shown in Fig.2, labeled as πµ2 PSI, πµ2 PSI2,
πµ2 PIENU, Kµ2 KEK, Kµ2 BNL, Kµ2 NA62, and Kµ2

NA62*.

FIG. 2: Best 90 % C.L. upper limits on |Uµ4|2 vs. mν4

from various experiments: π+ → µ+ν4 peak searches, la-
beled as follows: πµ2 PSI [83], πµ2 PSI2 [87], πµ2 PIENU [96];
K+ → µ+ν4 peak searches: Kµ2 KEK [79, 82], Kµ2 BNL
[89], Kµ2 NA62 [94], and the preliminary limit Kµ2 NA62*
[95]. Other limits include µ spectrum [39]; µ capture [97]; a
B+ → µ+ν4 peak search denoted Bµ2 [125]; and our analysis

of
BR(D+

s →µ+νµ)

BR(D+
s →τ+τµ)

, labeled Dsµ2, Our new bounds are colored

blue (online) while previous bounds are colored black. See
text for previous bounds and futher discussion.

TABLE I: Maximal values of the normalized kinematic rate factor
ρ̄(δ(M)

# , δ
(M)
ν4 ) for the two-body leptonic decay M+

→ #+ν4 of the
pseudoscalar meson M+, where # = e, µ, together with the corre-
sponding value of mν4 , denoted (mν4 )ρ̄max (in MeV), where this
maximum is reached.

Decay (mν4)ρ̄max ρ̄max

π+ → e+ν4 80.6 1.105 × 104

K+ → e+ν4 285 1.38× 105

D+ → e+ν4 1.08 × 103 1.98× 106

D+
s → e+ν4 1.14 × 103 2.20× 106

B+ → e+ν4 3.05 × 103 1.58× 107

π+ → µ+ν4 3.46 1.00

K+ → µ+ν4 263 4.13

D+ → µ+ν4 1.07 × 103 47.3

D+
s → µ+ν4 1.13 × 103 52.4

B+ → µ+ν4 3.05 × 103 371

VI. CONSTRAINTS FROM DATA ON e− µ
UNIVERSALITY

A. General Formalism

In addition to producing a subdominant peak in the
charged lepton momentum p" at the value (5.9), the emis-
sion of a massive neutrino in the two-body leptonic decay
of a pseudoscalar meson M+ would cause an apparent
deviation from the SM prediction for the ratio of decay


