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Electron recoil events in XENON1T(arXiv:2006.09721)

120 Possible explanations by new physics
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Energy [keV]
® Others

Details of other explanations see talks later!
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What is axion-like-particle(ALP)?

® Axion-like particles (ALPs) are pseudo Nambu-Goldstone
bosons of spontaneously broken global symmetries

® If it solves the strong CP problem, usually call it axion

® It can be very light due to the existence of the shift
symmeftry

® If it is dark matter candidate, life time need to be long
enough and can be produced both by misalignment
mechanism or thermal production in the early universe
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ALP hinted by XenonlT

F. Takahashi, M. Yamada, W. Yin, 2006.10035

® Coupling with electron
| U(1) Charge difference
—L =meepere'?®7 Qe = Qer — Qe,

®No U(1)-U(1)e-U(1)e anomaly

Too large coupling with electromagnetic field excluded by X-ray search

®No U(1)-SU(3)c-SU(3)c anomaly (can not solve the strong CP
problem)

Mixing with pion induce too large coupling with electromagnetic field
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ALP hinted by XenonlT

® Suppressed coupling with photon

o)
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(el

A48T fo|m?2
T Julrd

.aFMVF'uV K. Nakayama, F. Takahashi, T. T. Yanagida, arXiv:1403.7390

Excluded Excluded
by RG+WD K by X-ray

Gae = Qeme/fa
fa/ge ~ 3 x 10°GeV

Few keV

2 5 10 2 An anomaly-free ALP!

F. Takahashi, M. Yamada, W. Yin, 2006.10035
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Flavor universal global symmetry?

Considering the model SM

® Tiny neutrino mass via see-saw
® Baryon asymmetry from leptogenesis

Most simple possibility is U(1)B-L/U(L)L
Adding another scalar field @®(+2)

® Spontaneously breaking the global symmetry

1 .
= \ﬁ(s + feel] (majoron)

® Generate the majorana mass for the right-handed neutrino
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Flavor universal global symmetry?

No tree level coupling with electron!

Generated at one loop N €
a |
- T T I
I
N e
Already
1 Yy flavor
n by loop
From see-saw mechanism, m,, ~ 0.1eV
Y202 ., Mmymy £/, ~ 1672f _ 1670 f ey
My ™ = Yn "~ 2 ’ Y m, m
MmN (v N v N

Too weak interaction with electron!

The global symmetry should be flavor non-universal!
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LFV induced by a flavor non-universal ALP

For the mass matrix and charge
UET M, Ug = Diag(me,m,, m;)

'CEL — Dia’g{QLl 9 QLQ 9 QLg} :ER — Dia’g{qel ) qeg) Q€3}

Flavor non-universal coupling:

0,,.a

O _ 5

_ﬁae — 2f €; ,y,u (V;; + 7 Agj) K

a

e 1 et e et e

Vi =5 (UilarUs + UfTarU )

AQ-:E(UeTx Ue — Uty U@)

1) 9 R *RYR L *YLYL

Prediction of lepton flavor violation [; — [;a

We will show that such lepton flavor violation could be probed in near future
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Model I: ALP identified as Flaxion/Axiflavon

Y. Ema, K. Hamaguchi, T. Moroi and K. Nakayama, arXiv:1612.05492
L. Calibbi, F. Goertz, D. Redigolo, R. Ziegler and J. Zupan, arXiv:1612.08040

At the same time fo explain the fermion mass hierarchy and
mixing via Froggatt-Nielsen mechanism

N

Loy o\ -
—+ 5:1/&/3 (M) MNRQNR/B —+ h.C. ,

uo_
Ny = 4Q; — Yu;»

d
GEU_]\Z iy = 4@, — 4dd;,
[
nz_] — dqr; — QZj7
Nio = qL; — Na
N
naﬁ = —GN, — 4Ng-

The difference here is the flavor symmetry should be anomaly free.
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Model I: ALP identified as Flaxion/Axiflavon

Not easy to cancel U(1)-SU(3)c-SU(3)c anomaly,
Only considering the lepton sector: U(1) and a Z2 symmetry

H1(0), (Ha(gm,)) (1)
L(QLl s Lo QL3)7(€(QG1 y es qe3)7 NR(07 O? O)J

Ly S(Yu QHyu + Yy QHd)+(c5; ¢ L Hye;)
+(cf; €9 Li Hy Nj) + (Mp),; Ng, Ng,

€ = [vg/A
i =4qL; — Ge; T qHy M = 4L, — AN, — GH,

ULl;; = |Ugl;; = 0i5 + 6n"‘?j/éni’ with ¢ < j.
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Model I: ALP identified as Flaxion/Axiflavon

Sufficient conditions for anomaly free
ZQLizov ZQ&;:O

As a typical example

H,(0), H2(2), ¢(1)
L(1,0,—1), e(—1,0,1), Ng(0,0,0)
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Model I: ALP identified as Flaxion/Axiflavon

1.0 1.6 1.0
With  e=0.1 ¢i; = (1.6 1.0 —-27].
1.0 =27 1.0

We can reproduce the lepton masses

UE|;; = |URly = 6ij + € /e with i < j.

e — 1 mixing is O(e) ~ 0.1
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Model I: ALP identified as Flaxion/Axiflavon

Scalar potential:

V(Hy, Hs, ¢) = m%HIHl + m%H;fHQ + Al(HIHﬁz + Az(HgHz)z
g (HITHy ) (HYHo) + Aa|Hy - Ho|? +Hm2Hy - Hol+ Mo — v3)?

Soft breaking of the U(1) and Z2, giving mass to the ALP

® For m around few hundreds GeV fo predict mass around keV
® Extra Higgses are good targets for LHC and lepton collider

® LHC limit is weak because of suppressed coupling with quarks
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Model I: ALP identified as Flaxion/Axiflavon

3 2\ 2
me ‘ ‘ My

e |2
c5l = VI + 145

l T T T T T T LI I T T T ' T T LI I
10 10 | Model I: hierarchical mixing

Lepton decay BR limit Experiment

<26-107% Jodidio et al.

*
-5 i X 1T

Z
(< 1.3-1077  MEGILfwd *J 3 Muse (future
=~ 1 e R
—8 10 7 e o e
< 7.3-10 Mu3e H\@ O - MEGII-fwd (future) RG
BR (p — eav) <1.1-107? Crystal Box R
BR (7_ N ea) < 2.7 10_3 ARGUS ; Jodidio et al. (current) -
<84-107°% Belle-II 108 | . L] . A B
< 4.5-107%  ARGUS 0.1 1 D 10
BR (7T — pa)
<1.6-107° Belle-II ma [keV]
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Model II: general mixing

[J (1) _ JF  Determine the Yukawa structure

Masses and mixings are not fixed by the U(1)charges

For example, same charge assignment without all coupling order 1 and  vy/A =~ O(1)

If we take the PMNS matrix totally from charged lepton sector

e e 1 € e
Vijv Aij = 9 UPlir/INS (93R + CUL) Upnmns:

[ ! ! T [ I
Mu3e (future)
10 b= Mude (future) e
10 ]
T MEGII-fwd (future)
; XenonlT
L 4
<>
U Jodidio et al. (current)
— 9 |
h : RG
WD
- Model II: general mixing
8 1 1 1 1 1 11 1 1 1 1 1 11 1
10 | | | l
0.1 1 D 10

mg [keV]
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Summary and conclusion

® The XenonlT result may indicate an anomaly-free ALP

® The origin of such anomaly-free ALP is still mysteries

® It may related to the fermion mass structure

® Once it is confirmed by future experiment data, it would be
very inferesting tfo see whether we can test it by other

experiments
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