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Sizeable discrepancy at Xenon1T

Excess in e− recoil energy between 2 and 3 keV.
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Possible explanations: Solar Axions, Neutrino magnetic moments,

Axion-like Particles (ALPs). . .

Solar Axions

Best �t to data with large coupling to e−, 3.4σ

E. Aprile et al. [XENON], Phys. Rev. D 102 (2020) no.7, 072004

But . . . not compatible with constraints from stellar cooling.

ALPs

Pseudo-Goldstone bosons from broken global symmetries with

ma ' O(keV) and a weak coupling to e−, could explain this excess

However, X-ray observations forbid anomalous coupling to photons

for ma >∼ 0.1 keV
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⇒ U(1)em anomaly-free ALP

SM particle content, only B − L and L are U(1)em anomaly-free

with family universal charges.

But . . . breaking associated to NR masses, too high in Seesaw

models.

⇓�
�

�


Can family-dependent anomaly-free U(1)

breaking explain Xenon1T excess ??

• Global �avor-dependent U(1)φ symmetry spontaneously broken

⇒ Axion Like Particle
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Model I: U(1) �avor symmetry

Scalar �avon �eld, φ, generates Yukawa couplings as function of

small vevs, Yij =

((
〈φ〉
M

)
� 1

)n1
. with n function of charges.

• Angular component of �avon becomes ALP, if U(1)φ symmetry

global.
• Anomaly-free U(1)φ:

∑
i QLi = 0 and

∑
i Qei = 0.

Field τL µL eL τR µR eR NR,i φ H1 H2

U(1)φ −1 0 1 1 0 −1 0 0 2 1

Z2 + + + − − − − + − +

Soft-breaking of U(1)φ × Z2: m2H1H2, with m ∼ O(EW).

−→ ma ' m2/vφ
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Yukawa coouplngs:

LY ⊃ ceij ε
neij L̄i H̃2 ej + cνij ε

nνij L̄i H2Nj + (MR)ij NRi
Nc
Rj
,

with ε ' 0.1 and neij = qLi − qej + qH2
, nνij = qLi − qNR,j

− qH2
,

neij =

4 3 2

3 2 1

2 1 0

 , nνij =

1 1 1

2 2 2

3 3 3

 .

• After symmetry breaking: φ(x) = 1√
2

(vφ + s(x) ) e i a(x)/vφ

• With couplings to charged leptons,

−Lae = i
∂µa

2fa
e i γ

µ
(
V e
ij + γ5Ae

ij

)
ej .

V e
ij =

1

2

(
Ue †
R QeU

e
R + Ue †

L QLU
e
L

)
, Ae

ij =
1

2

(
Ue †
R QeU

e
R − Ue †

L QLU
e
L

)
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Model II: general mixing

Generalize the previous structure to allow for larger mixings

determined by a larger symmetry F , with global U(1)φ part of F

• Example, use same U(1)φ charges, but vφ/Λ ∼ O(1).

• PMNS-like mixing in charged-leptons. Then:

V e
ij , A

e
ij =

1

2
Ue †
PMNS

(
Qe ± QL

)
Ue
PMNS

Although with PMNS mixings, −→ Ae
12
' 0.52

Although V e
12

= 0, as QL = −Qe .

⇒ Too large LFV ???
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LFV and Astrophysics Constraints

BR(ei → eja) =
m3

ei

16πΓ(ej)

∣∣∣C e
ij

∣∣∣2
4 f 2a

(
1− m2

a

m2
ei

)2

.

with
∣∣∣C e

ij

∣∣∣2 =
∣∣∣V e

ij

∣∣∣2 +
∣∣∣Ae

ij

∣∣∣2
Lepton decay BR limit Projection

BR(µ→ e a) < 2.6 · 10−6 Jodidio et al. < 1.3 · 10−7 MEGII-fwd

BR(µ→ e a) < 2.1 · 10−5 TWIST < 7.3 · 10−8 Mu3e

BR(µ→ e a γ) < 1.1 · 10−9 Crystal Box

BR(τ → e a) < 2.7 · 10−3 ARGUS < 8.4 · 10−6 Belle-II

BR(τ → µ a) < 4.5 · 10−3 ARGUS < 1.6 · 10−5 Belle-II

Coling of white dwarfs and red giants:

fa & 2.3× 109|C e
11
| GeV, fa & 1.2× 109|C e

11
| GeV.



9/11

Results

Analysis of Takahashi-Yamada-Yin, Xenon1T explained by ALP

with Ae
11
' 10−13 fa

me
for ma ∈ [2, 3] keV.

If ALP �avor-dependent, can it be measured at LFV experiments??

◆◆
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Conclusions

• Xenon1T excess can by explained by �avored ALP with
minimal particle content.

• Simultaneously, LFV ALP interactions could be detected at
low-energy experiments.

• ALP �avor couplings depend on charged-lepton mixings and
charges.

• Flavor models of small mixings (CKM-like) produce too
small e�ects for proposed experiments.

• Models of PMNS-like charged-lepton mixings explaining
Xenon1T could be detectable in LFV experiments.


