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∂µaēRγ
µeR

eL, ν

ALP

eR

ALP

Electroweak symmetry
is broken anyways...

geL
me

∂µaēLγ
µeL +

gνL
me

∂µaν̄Lγ
µνL +

geR
me

∂µaēRγ
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ALPs from π+ decay*

ALP removes helicity
suppression
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Weak-
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m2
e
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m4
W

Br(π+ → e+νa) ' 4.5× 10−5
( gee

10−3
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Weak-
violating

Detectable

*ALP-π0 mixing and quark coupling
E.g., [Krauss, Wise - ’86], [Bardeen et al - ’87],

[Altmannshofer et al - 19] 5
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Experimental Capabilities

Past

Reached Brπ+→e+νa . 10−10

Future

Reach Brπ+→e+νa . 10−11?

Altmannshofer, JD, Gori ’22

Stringent even
for weak-preserving!

Dramatically shapes
parameter space!
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Signals
π+ → ?

ϕ
ν

ν

ν
e+

Axion

Majoron

a
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e− ν
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The Majoran
Energy

Λ
Lepton
number
breaking

mϕ

mπ

L =
mν

Λ
ϕνν ϕ

ν

ν

π+ → e+ν(ϕ→ νν) competes with
0ν2β, SN 1987A

Barger, Keung, Pakvasa ’82

Γ(π+ → e+νϕ)/Γ(π+ → µ+νϕ)

Γ(π+ → e+ν)/Γ(π+ → µ+ν)
< 1.0014 ⇒ mν

Λ
< 0.003

PIENU ’21
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Signals
π+ → ?

A′µ

ν

νν

e+

Axion
Gauge
boson

Majoron
ϕ

ν

ν

ν
e+

a

e+

e− ν

e+
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Leptophilic Gauge Symmetries

e±, νe

µ±, νµ

τ±, ντ

A′µ

L = gXA
′
µ(ēγµe− µ̄γµµ+ ν̄eγ

µνe − ν̄µγµν)

Surprising
Fact: Ultralight A′

µ ∼ ϕ
JD ’20

→ gXmν

mA′
ϕνν
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Li − Lj through
π+ → e+νa

decay

Need invisible search

gXmν

mA′
< 0.003 PIENU ’21
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