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Introduction

(14 »

Assume there is a light, invisible, new particle “a

with flavour-violating couplings to leptons

Light: Invisible:

* Neutral
m, < m n,
K> » Feebly coupled (long-lived)

CLFV modes would thenbe y —ea, t—= pua, u— eya, etc.

Interesting interplay with cosmo/astro:

e DM candidate? (if long-lived enough)
* Bounds from star cooling/supernovae (if light and feeble enough)

LFV into ALPs 2 Lorenzo Calibbi (Nankai)



Lepton-flavour-violating ALPs

Why should a be light and feebly-coupled?

That’s natural, if it is the (pseudo) Nambu-Goldstone boson (PNGB)
of a broken global U(1), aka an axion-like particle (ALP)

Examples:
Global symmetry: PNGB:
Wilczek ‘82
: Pilaftsis 93
 Lepton Number Majoron FAESE
Feng et al. ‘97
e Peccei-Quinn Axion LC Goertz Redigolo
Ziegler Zupan ‘16
* Flavour symmetry Familon Di Luzio et al. ‘17, ’19

Equivalent possibility: light Z' of a local U(1), e.g. Li-Lj (with g «1)

Heeck ‘16
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Lepton-flavour-violating ALPs

General couplings to leptons:
Shift symmetry (PNGB!) — m, from (small) explicit U(1) breaking
~ 0Ma _
|4 A
L:aéé — f (C ész,Lng =+ Cij gﬂu%gj)
a

T~ U(1)-breaking scale — coupling suppression

Where does lepton flavour violation come from?

. If lepton U(1) charges are flavour non-universal
> naturally flavour-violating couplings

e Alternatively, loop-induced flavour-violating couplings

Explicit examples at the end...
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LFV decays into ALPs: model-independent approach

oHa —
Lo = 27, (CV Civyuly + Cé? livuysls)

This generic Lagrangian induces 2-body LFV decays such as:

2

1 m?i m?

Feng et al. ‘97

Goal: constrain the effective LFV scalessing experimental data

. Which experiments?
e What are the future prospects?
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Summary plot
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Decays mediated by dim-5 operators: much larger NP scales can be reached
than u — ey, u — 3e, u — e conv. (from dim-6 ops, NP scale reach ~10’-10%GeV)
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LFV experiments




u — e a: signal and background

2 _ o2 2\ 2
. ma+me) )
— mz

. . . : m
Signal: monochromatic positron with p. = \/ ( >
Y

V A
Cre,Clu,

(CY, ) + (CF, )2

Differential decay rate: = 5 1 4 2Py, cos @

3 2 2
dr(& — fj CL) my. 1 my,
d cos 6 B 32nF7, m;
ity

7

signal depends on the chirality of the couplings _

2Pe
b d2F + + e 1/ /\ :L‘e —
Michel spectrum: W = e vety) T, ((3—2x¢) — Py(22c — 1) cos ) x> my
dze dcosd — _— u polarization

And “surface” muons are highly polarized (produced by pion decays at rest on the
surface of the production target) — the SM background can be suppressed

/—\
mq (MeV) 105. 94. 82.  67. 4T 0.

3'5;' """ R the bkd goes to zero
3.0F ealiration wih oo g W S in the “forward”direction
1 . s . : (the direction opposite
2 5E D endpoint . 7 i ) )
o [ s " o the muon polarization)
o 20 2 ’
N [ \ \\
o 1.5t oY \
m ; ]
1.0¢ cosB.=1 \
o5t A === cos6,=0.8
0 0 -------- c0s6,=0.6 X
0.0 0.2 0.4 0.6 0.8 1.0
Xa in the massless case
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Past searches: y — e a

e Jodidio et al. (TRIUMF) 1986 Search for RH currents with 1.8x10" polarized u*
Ordinary pu — evv
4T I, ((3—2z)— P{2x —1)cosf) z*
— — 22r) — | L — COS xr
dz d cos 6 a ‘
r = 2E./m,
20 I ! T — f 1
&) +(a? |

81 effects -
= | | MUON POLARIMETER
S Berkeley - Northwestern-TRIUMF
s cosf= - o
g (backward) B L V:rrt'  anode wires
@ 12+ —
8
o 'O -
X
.'Q 0.81— —
@ Ol
€ 06k effects N
&
© 04 | cosO=1 -

| {(forward)
02— —
|
oQm=—d— L , Very good e+ momentum resolution

Reduced positron energy x (~70 KeV at the e.p.)
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Past searches: y — e a

e Jodidio et al. (TRIUMF) 1986 Search for RH currents with 1.8x10" polarized u*

. ~ interpreted in terms of y — ea too
Ordinary pu — evv

d°T : ~ 0
T [, ((3—2z)— P(2x — 1) cosf) z” Ge a 81gne.t for mg= O:
r = 2E./m, monochromatic e* at m /2
2.0 I | T § 1
d @)+ : o
8 effecfg T Unless it couples (V-A) like in the SM:
g 16 - It o eta) T v
< C058=""! poo—ea — n—rea epn~ep
:gi e (backward) - dcosé 2 L2Pcosd (CY)? +(C4,)?
@ 12} —
S o}~ for the isotropic case, they set the limit
° -
X
S e i + + —6
S0 0@ = BR(p"™ —eTa) <2.6 x10
S 06— effects |
>
2 thus one gets
© 04 | cosB=1 -
osl_ | (forward) Bl 9
; =  F,.>48x%10° GeV
005555 o 5% a5 |

Reduced positron energy x
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Past searches: y — e a

e TWIST 2014 Precise measurement of Michel parameters plus dedicated search
for y — ea in the whole m, range considering anisotropy of the signal

Limits (with 5.8x10°% u*):

Mass of XO (in MeV/cz)
— 80 70 60 50 40 30 20
o~ %(5) 90% C.I, A=-1/V-A (SMtlike) Decay Signal 90% C.L. |p-value

S 15 (in ppm)
X 1(5) A=0 Average 9
Z 0 p=37.03 MeV/c| 26 0.66
p= %(5) 90%C.l., A=0 Isotropic Endpoint 21 0.81
X5 A=—-D Average 10
g 1 SM_like >p — 37.28 MeV/c| 26 0.60
S 0k Endpoint 0.80
S %(5) 90% C.l, A = +1| V+A (RH curr.) A= 11 Average 6
A s p=19.13 MeV/c| 6 0.59

1 A Endpoint 10 0.90

O |

20 25 30 35 40 45 50
Signal Momentum (MeV/c)

For V-A coupl. and ma= 0: (BR(u — ea) < 5.8 x@

= F,>1.0x10° GeV
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Future prospects

Present bounds based on old experiments and/or
not-so-high luminosities (<109 total muon decays)

rES beamline at PSI (where MEGII and Mu3e are located)

can deliver >108 muons per second:
next generation experiment must do better!
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Future prospects: MEG II

slide borrowed from A. Papa

MEG: Signature and experimental setup

e The MEG experiment aims to search for uy+ = e+ y with a sensitivity of ~10-13 (previous
upper limit BR(u+ = ety) < 1.2 x 10-11 @90 C.L. by MEGA experiment)

e Five observables (Eg, Ee, teg, Feg, deg) to Characterize y— ey events

Signature

<)

COBRA Magnet

\ Drift chamber

Backgrounds

+ @V
et 1A :
.*;Q Stopping Target |

[
U o | \—
[ g e ]
| 1

] L [
i

et A"
@« Q Liquid Xenon
S\ Scintillation Detector

Qv - :

53

Final result (with 7.5x10'4 y* on target): BR(p — ey) < 4.2 x 1073 (90% CL)
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Future prospects: MEG II

e Prospect at MEG Il for y — e a
What about a Jodidio-like search at MEG II for mq= O with a forward calorimeter?

We propose a modified setup of MEG II (“MEGII-fwd”) and ~2 weeks dedicated run
idea from discussions with A. Papa and G. Signorelli, thanks!

Liquid xenon photon detector
(LXe)

COBRA

superciducting magnet A«:\ ,*':"

] e
A' 4+ 9 4
“ 4900404
> e Y T

‘‘‘‘‘

e Muon beam already polarized

e A suitable magnetic field can
reduce depolarization effects

 Reconfiguring the field we can

' also increase the acceptance

/ (“magnetic focusing” up to F~100)
/  Two weeks of run after MEG II

main run are enough to improve

a0 RRRIRISS _ o the bound (even with F=0)
gt duech ‘ Pixelated timing counter

(PTC)

. P,=-1,+ 4
X Muon Stopplng target 1 ouU j
\ 0
Cylindrical drift chamber € ' ccal)
LYSO calorimeter (CDCH) a ® pet 1.5 m 2
e

~1.5 m from the target, diameter ~ 10 cm v

wo O]
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Future prospects: MEG II

e Prospect at MEG Il for y — e a

What about a Jodidio-like search at MEG II for mq= O with a forward calorimeter?

We propose a modified setup of MEG II (“MEGII-fwd”) and ~2 weeks dedicated run
idea from discussions with A. Papa and G. Signorelli, thanks!

Our estimate of the sensitivity of a dedicate run (2 weeks with 10° u*/s):

14
F=0 MEGII-fwd : 10"y
no focusing OXe = (Pp)+1
| o : : Tt ’ | o i i i 0 i i
| worst than Jodidio et al. h
103 2 BR(u—ea)x 10° @ 90% C.L. E F L 100
101} better than Jodidio et al. - / BR ~ 10—7
2| i
} €sys<0.9-10-6 10 i ]
5 .
S Positron
107F g momentum
10"F ; resolution
L /6T 1
65\15409.\0 T, = 2p €
_ e —
_ BR(u—ea)x 10° @ 90% C.L. m'u
103‘13 R ......|2 I””II'] = 100K .. |
10~ 10~ 10~ 10-3 102

polarization " Fu+

magnetic focusing s

101 /
—
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Future prospects: Mude

Mu3e: The ,u"' — etete” search slide borrowed from A. Papa

e The Mu3e experiment aims to search for y+ = et e+ e with a sensitivity of ~10-15 (Phase |)
up to down ~10-16 (Phase Il). Previous upper limit BR(u+ = etete ) <1 x 1012@90 C.L. by
SINDRUM experiment)

e Observables (Es, te, vertex) to characterize u— eee events

Signature Background
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M Beam Target “
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Scintillating fibres

\

/
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Future prospects: Mude

e Mu3e prospect for y — e a (Perrevoort ’18)

Potential search for performed on positron momentum
histograms filled with online reconstructed short tracks

. 2>_<106 x10°
% & + BG: SM decays % = ‘ * Signal: m_=60MeV
2 o — -
) L o 1=
= 1 S
5[ | 5[
o, \ j@F B
208 @« 0.8
= U = r r
(D) 0] L
> > i
o8 8a
0.6 0.6/ ‘
[ - I }
0.4 041 j 1
. . N i
0': | | | | | | | | | | | | | | | | | | | 0': ; | ; ; ; | ; ; ;
0 20 40 60 80 100 0 20 40 60 80 100
p [MeV] p [MeV]
(a) Simulated background events. (b) Simulated 4 — eX signal events.

Perrevoort (Mud3de) ‘18
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Future prospects: Mude

e Mu3e prospect for y — e a (Perrevoort ’18)

Potential search for performed on positron momentum
histograms filled with online reconstructed short tracks

Expected limit for phase I (2.6x10'° y*):

] 1072

Mu3e Phase I SIM: 2.6><10'5u stops
—f— TWIST 2014

=—}— Mu3e online reco. (ext.calib.)
=—f—Mu3e online reco. (sim. calib.)

[
<
N

Branching Fraction at 90% C

N\

~ Mu3e: Work in progress
10_9|IIII|IIII|IIIIIIIII|IIII|IIIIIIIIIIIIIIlIIIIlII

0 10 20 30 40 50 60 70 80 90
my [MeV] Perrevoort (Mu3e) ‘18

e ""'r'l L R R B

me~0: BR(p—ea)<7x107% = FMQZZleOlOGeV
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Astrophysics and cosmology




Astrophysical bounds

Well-known bounds on ALP-electron couplings from energy loss in star

systems [red giants (RG), white dwarfs (WD)| due to processes like:
Raffelt Weiss ‘94

— _ (possible if a is not much heavier
Q tN—=e +N _I) than T inside the star)

—> F4>46x10°GeV (WD)  F22>24x10° GeV (RG) (mg <1 —10 keV)

EE N~V ~Y

Bertolami at al ‘14 Viaux at al ‘13

Hints (~30) for non-standard WD cooling require: ng ~ 6 x 10° GeV

Giannotti at al ‘17

We extend the bounds to the case of massive ALP: Boltzmann suppression
we need to rescale the energy loss rate by the ratio

R(ma, T) — ga(ma’ T)/ga(O, T) Raffelt Phys. Rept. 90

energy density: &,(mq,T) = L /

2
27T M

ooEQ\/EQ_mQ {gngl My <K T

E/T _ 1 - dE = 1 pd (ma\5/2  —ma/T
e — WT (7) e Ma Mg > 1T

Tre ~ 108K ~ 8.6keV Twp ~ 10" K ~ 0.8keV
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Astrophysical bounds

Above ~0.1 MeV, supernova bounds become important

We get a bound from the cooling of the proto-neutron star in the
SN1978A explosion to the ALP coupling to electrons (new!)

energy loss in highly- T 9 T4 Vo — 19y 1020 8 (107 GeV) 2
o ipt = 1.

degenerate conditions: © T 15 em My (F4) gs FA
\’ angular integral (including
| ;
ma < Tsx ~ 30 MeV : CF > 3.4 x 107 GeV (SN1987A plasma sereening

Similarly, bounds can be obtained for the uu coupling and the ue coupling

Summary of astro-bounds (ma=0)

Process Decay constant Bound (GeV) Experiment
FA 4.6 x 107 WD
FA 2.4 x 107 RG |
Bollig et al '20
Star cooling FA 3.4 x 107 SN1987A,.
FZ 1.3x10°  SN1987A,,
Fe 1.4x10°  SNI987A,,

equivalent to BR(u — ea) < 4 x 10—34—/
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ALP dark matter

* Obvious requirement, cosmological lifetime

e More stringent bound: extragalactic background light (from a—yy)

aem CL ~
—F'F
A fa

Coupling to photons (m, < my,) :  Leg = Eyv

depends on UV completion, *J
e.g. anomaly coefficient (QCD axion: Eyyv = E/2N)

e Production: misalignment mechanism

2 2 1/4
. v, 90
QT—lndep.hQ — 012 10—2 ma fCL _0
. 8 \V eV \ 1010GeV T Gx(Tosc)

— misalign. angle

it can be enhanced if ALP mass suppressed at
finite temperature (e.g. QCD axion)
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ALP dark matter

axion/ALP
DM searches everywhere here ALP can be DM
(Buv =1) \
[
|| IIIIIII || IIIIIII || IIIIII| ULLLLLLL LLLRLLLL UL || IIIIII| || IIIII| ULLLLLLL || IIIIII| || IIIIII| UL IIIIII| | llllg
|Cl,'/j|=|Cl,'l,'|=/I E
F A3 §
n > .
12| £ B @ g -
1 = X ALp ]
r— B : ) ~ T
3 1] 5 AN 3 Udepe
O 10" < 20 (2 Aleny ) :
_(Ul E ; :@ QCD\4 Gpe E
S~ B Z (IOD OQIGOL( SPHEREX XENON1T=20 -
- Mu3e-online Y ) ]
1010 MEGII-fwd (F=100) v / -
i 1 MEGI-fwd (F=1) — XENON1T-S2 5
10 5_ g stack )t—rays § _§
- RG cooling Euv=0 AS .
1 08 L1 IIIIII| L1 Illlll| L1 IIIIII| | | IIIIII| L1 IIIIII| L1 IIIIII| L1 Illlll| || IIIIII| L1 IIIIII| L1 IIIIIII 11 II'III
10~ 10° 10~ 10* 102 102 10" 1 10" 10% 10° 10* 1
m, [eV] excluded by extragalactic

background light/X-rays

LFV into ALPs 23 Lorenzo Calibbi (Nankai)



Putting everything together...




Summary of model-independent bounds

o*a -
1% A
Lo = (Cii Livuly + Ci; Liyurysty)
2fa
11
10 E | | IIIIII| | | IIIIII| | | IIIIII| | LI | | IIIIII| | | IIIIII| | | IIIIII| g
- 1C 1, [=1C51=1 7
of MEGII-fwd (F=100) s -
— o —
10 - MEGII-fwd (F=1) = -
3 o _
- |
e e B P Aem, 4 O ]
(10— \TJ‘ KE -
>N % % :
S 108k RG i = 1
e i Wb cooling 2 Belle—Ii :
= i cooling SN1987A,,, o \
107 3 -
I SN1987Ase i ]
] : ARGUS -
1065_ } =
C ‘[ CT,<1 mE
105 1 1 IIIIII| | | IIIIII| 1 1 IIIIII| 1 1 lllllll 1 1 lllllll llllll 1 1 |||||||
107 10° 10% 10° 10° 107 10° 10°
my [eV]
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Models for LFV ALPs

e How generic is a PNGB with flavour-violating couplings to leptons?
e Can we test ALPs with LFV beyond stars?

« That is, how are FC and FV couplings related (Fee, F e, €tc.) ?

To answer these questions, we need to consider specific models

@V QCD axion:

QCD axion (DSFZ type) with leptons carrying non-universal PQ

e LFV axiflavon:
QCD axion obtained by identifying PQ = Froggatt-Nielsen U(1)
(FV axion-quark couplings suppressed by an additional flavour SU(2))

e Leptonic familon
PNGB from spontaneously broken Froggatt-Nielsen U(1) (acting on leptons only)

spontaneously broken lepton number (in the context of low-energy seesaw)
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LEFV QCD axion

flavor non-universal charges
» flavor-violating couplings

V,A
sz’fj

L and R unitary rotations

1
—~ (VX Vi v Txg, V)
/ \

1J

vivey, — ve matrices of
L R dia ;
9 to the lepton mass basis PQ charges
Ja [GeV] Ja [GeV]
1013 102 10 100 10° 108 107 108 102 10" 10 10° 103 107
10_10 HB / CAST 10_10 HB / CAST
aeseL b / ALPS—H R R isve’ '
-11 : A KSVZ -1 : : :
10 ADM X D,:FSZ I 10 ADM X /D,,I'FSZ I
___________ I_ o _aAY o . Dieletric .- AR B I,___,_.____,_.__P})_(_O____ /;'75 © Dieletric .-
T a1z G Sk AT AN T Sk
L 10 | ioraaN o > 10 | joRGAN Benchmak’
8 -~ IMADMAX (3 . IMADMAX VoA
= 10713 Iy =107 [
S = 5
LY 20 5
10~14 10~ 14
Iy 4 N IR
10715, KELASH; . 'CAPP 10715 KELASH‘E ﬁ g §
ADMX (fut.) ADMX (fut) %h 5 ?
1016 - ' 10161 B el DR
1077 10-6 10-5 10 10 102 10! 10° 1077 10-6 10-5 104 10-3 102 10-1 10°
m, [EV] mg [eV]

V+A axion (large R rotations)

V-A axion (large L rotations)
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LEFV QCD axion

flavor non-universal charges
— flavor-violating couplings

VA _ 1

o= o (VETX V= v X V)

tj

VIYVR = Y5,

L and R unitary rotations matrices of

to the lepton mass basis PQ charges
F i [GGV]
1010 10 108 107 10° 10°
v
' E
ég V+A
=
E V-A
1074 107 102 107! 10° 10! 107
M eff [€V]
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Majoron

__ - 1 __
@I se@ L= Lsn +iNIN — (YNNcDTL +- §MNNNC + h.c.)

L-breaking term

B 0 YJT\Z;”U/\/? My > Ynv B b2 S
Mo ( Yvu/v2 My > = =iy

Spontaneous breaking of the lepton number:

1 — JN+ 0
1\ cN _ WJ/fN _
5 N ON s, O \/5 e \A —> M N )\NfN/\/i

PNGB: Maj o@ Chikashige Mohapatra Peccei ‘80

Couplings to SM fermions:

q, !
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Majoron

__ - 1 __
@I se@ L= Lsn +iNIN — (YNNcIﬂL +- §MNNNC + h.c.)

L-breaking term

0 YT”U/\/_ My > Ynv B b2 S
(s ) U vt

Spontaneous breaking of the lepton number:

1 Y fn+o
“AyoN°¢N, o= e[ IN My = )\ 2
5 NG N —> N NIN/V2

PNGB: Majoron! Chikashige Mohapatra Peccei ‘80
Couplings to SM fermions:
Tq

vV _ A _ T3 T

cy, =0, Cityy = =250 Tr (oY)
1 1

cYV, = (Y YT) cA, = ”T(Y YT) (YaYi)i,

G aem2 Ty TR T 16 A N

Pilaftsis 94
CGenerically flavour-violating, (D Garcia-Cely Heeck 17
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Majoron

Majoron from low—energy seesaw

TTIT T TTTII 'TTTN .l TTTTTT] T T TTIIT T TTTITI T T TTITIT T TTTII ' TTTHE .~IIHIHI T T TTTI T TTTI, T TTTTT T TTTTI T TTTTI I 10
10'3 T |\. A R QDL/’.?.\._I ...... JRRE 210
e T\Ind \0. 72 ..'-f :
120 T . G~ | 9
10°< o, 7z —-10
: » D/(,,/72§ "; ~~~~~ ]
i QUAX > d@ e, ’
1011 = ,I Tep, (%Q], ~~~~~ Tiot/Ho>1 = 1 08
: J4a7 S
_ 101°C v T =
= - Star cooling g : G
< @ TWIST 7
i - =
108, | -10° S
. eile ) "
10 Eble
6 s 10°
10 .
10° el b =102
107°10741073107210" 1 10" 10% 10% 10* 10° 10® 107 108 10°

my [eV]

Lepton number anomaly free: suppressed coupling to photons (Euv=0)

2 2 3
o F4em Qo @ ~
Dla =) = =2 B Ma<my: BBy La=Foy R o FE
a a
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Summary

PNGBs from non-universal global U(1)s (or due to loop

effects) give rise to lepton-flavour-violating decays

We have huge room for improvement over the old limits
We propose to start with a MEGII-fwd phase of MEG II

Essential interplay among u, 7, and astrophysical bounds

Very large symmetry-breaking scales can be probed

Future CLFV limits can supersede stellar bounds even for

small ALP masses and start testing the ALP DM region
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Thank you!
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Additional slides




Summary of the model-independent bounds

Comparison in the case m, =~ 0

v
Lo = 2f: (CV fz’yufj + C{;l- fﬂu%fj) Fi‘;yA = 02ng \/| 2f+ CAP
Present best limits
Process BR Limit = Decay constant Bound (GeV) Experiment
Star cooling — FA 4.6 x 107 WDs [44]
~ FZ 1.6 x 10° SN1987A,,, [45]
4 %1073 Fe 1.4 x 10% SN1987A .. (Sec. 6.1)

nw—ea 2.6 x 1076* Fue (VorA) 4.8 x 10” Jodidio at al. [9]
[—ea 2.5 x 1076* e (V+ A) 4.9 x 10° Jodidio et al. [9]
[—ea 5.8 x 107°* e (V —A) 1.0 x 10° TWIST [10]
[— eary 1.1 x 1079% Fle 5.1 x 103# Crystal Box [46]
T —ea 2.7 x 1073** Fr. 4.3 x 109 ARGUS [43]
T — pa 4.5 x 1073** Fy, 3.3 x 109 ARGUS [43]
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Past searches: y > ey a

e Crystal Box 1988

PHYSICAL REVIEW D VOLUME 38, NUMBER 7

1 OCTOBER 1988

Search for rare muon decays with the Crystal Box detector

TABLE 1. Types of events generated with the Monte Carlo

program.
cucm’:agn Process Trigger
STOPPING + +
TARGET ‘i —eY e-y
pt—etyvw e-y, I-y
ur—e’yy e-y-y, ey
+ —
NalT) li _*i i € e-e-e
CRYSTALS /[} H —€ € € vV e-e-e
/»‘23?25 pur—etvy 1-e
,5‘{;,:%;,1@ pt—e*yf (f=familon) e-y
N SR> T - -
g B TYY vy, 1y
W .‘3*%3) Tp—ny 1y
»
N
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.38.2077

Past searches: y > ey a

4o eviy

e Crystal Box 1988 2000 —'#' _T'e,)',f' '
Analysis for massless familon mg= O 1500 = |
g l
(with 1.4x10'# stopped u*) yields: 1000 |
o500 |- !
-9 I |
QR(,LL —eavy)<1.1x1077 (90% CLD 5 ) :L
|

aem

I(xmina ymm)BR(M — € CL)

3
O
!

BR(u — eavy) =
2m Hirsch et al. ‘09

>
QO
=
o
S
500 | s
1 ™~ !
—1)(2 — 2y — - .
I(ajminy ymin) — / d.fl?dy («T )( ZUy y) Wy O (
Lmin;>Ymin y2(1 — &= y) E [
7 o 1000
> L
r=2E./m, y=2E,/m, :'"_ 500
S L
Crystal Box energy thresholds: &
Q 1500
E.>38—-43MeV, FE,>38MeV = Zpn=072-081, ypn =0.72 S -
<1000
= F.,, > (5.1 —8.3) x 10° GeV 500
o 1 ) 1 1 1 )
weaker but independent —900 —600 —300 O

of V/A nature of the couplings
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https://arxiv.org/abs/0902.0525
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.38.2077

Future prospects: MEG II

e Prospect at MEG Il for y > eay

Search sensitive to V-A couplings too, requires a dedicated trigger:

1011_ ||||||||| |||||||||
- V-A
|Cel|=[CLe”" =1
>
D \
= .
= = A
o2 n #

<

107F ik \LLf_’ ALP-DM

MEG II-ALP (1 month)

L~

N7

WD cooling
109 . RG cooling

¢S—LINON4

TWIST

L1 lIIIIII L1 lllllll L1 lllllll L1 lllllll L1 lllllll L1 lllllll L1 lllllll L1 lllllll L1 lllllll L L LiiiL
10° 10° 10 10 102 10" 1 10" 102 10° 10%
m, [eV]

Jho Knapen Redigolo 22
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https://arxiv.org/abs/2203.11222

Past searches: r—ea,r— ua

e ARGUS 1995

Z. Phys. C 68, 25-28 (1995)

A search for the lepton-flavour violating decays
T — eq, T — UQ

ARGUS Collaboration

With 472 pb:

006 _‘ T rrJ7 Tt | 1L ] T l1—[ LI LI DL i11| I_
IN O 17— ea ]
R 0.05 - =
) - BT — ud :
" 3
0.04 [~ 3
- . ]
—— 5
R o L _
T~ C i
~~~ C -
S . i
R 0.02 - -
001 | -

.
SN’ - -
m nr I |- | ) i l a1 I 11 I [ - ] )t |J S | I 11 1 I l-

0 0.2 0.4 0.6 0.8 H 1.2 14 i.6
o Mass [GeV/c?]

BR(T —ea) <2.7x107% (95% CL) = F,
=

> 4.3 x 10° GeV,
BR(T — pa) < 4.5 x 1072 (95% CL) F. 23

3% 10° GeV.
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https://link.springer.com/article/10.1007/BF01579801

Future prospects: B-factories/Belle-II

e Belle prospect for 7 — u a (Yoshinobu Hayasaka ’17)

Simulation of S and B and limit that can be set using the Belle data set (1/ab):

2.2 & 128 1/ab
21 X 1.1
: m
Z 1.8¢ Ko T
D 1.6; E 0.9
1.4 5 08
oL e 8 07- T — U@ l l
0 500 1000 1500 0O 500 1000 1500
m, [GeV/c] m, [GeV/c’]
Yoshinobu Hayasaka (Belle) ‘17
Belle (1/ab) prospect: BR(T — pa) <1.1x107* = F,, >2.1x 10" GeV
Mmea=

Belle-1I (50/ab) prospect: BR(7 — pa) <2.0x 107° = F,, > 4.9 x 10" GeV
\Estimated by rescaling as \/Z
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https://www.sciencedirect.com/science/article/pii/S2405601417301505?via=ihub
https://www.sciencedirect.com/science/article/pii/S2405601417301505?via=ihub

Future prospects: B-factories/Belle-II

* Be Recent Belle-II simulation Belle II note '20
sim & T ab):
' © | | . ¥
I 10—1 L= : ARGUS ' P
: 5 = L LLLANH NI
8 gt B TN
zZ ] = A
Z 1 & L 9 V“w\.
“1 5 10° =
1 S T Bellell 1 e Belle I, ARGUS method
C’) 104 = Simulation: J Ldt=25.0fb m Belle I, Thrust method
1 2 = I
O -
< 10—5 [ R S VR N MR VAN S RN (NS N1 (NS VN (NS WD M SN NS T NN W N NANINY (X ol AN S T GH
0 0.2 0.4 0.6 0.8 ) 1 1.2 1.4 1.6
M, [GeV/c?] ) 17

Belle (1/ab) prospect: BR(T — pa) <1.1x107* = F,, >2.1x 10" GeV
Belle-1I (50/ab) prospect: BR(7 — pa) <2.0x 107° = F,, > 4.9 x 10" GeV

\Estimated by rescaling as \/Z
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https://www.sciencedirect.com/science/article/pii/S2405601417301505?via=ihub
https://www.sciencedirect.com/science/article/pii/S2405601417301505?via=ihub
https://docs.belle2.org/record/2043/files/BELLE2-NOTE-PL-2020-018.pdf

“Low-energy seesaw” Majoron

Low-energy seesaw: pseudo-Dirac neutrinos — approximately

conserved (generalised) lepton number
Ibarra Molinaro Petcov ‘11

e 0 M ) i 0 f B Yel Ye2
N = Mo~ 2\ fy 0 YN Yul Yu2
Yr1 Yr2

Global U(1) symmetry in the limit Y1 — 0

After imposing fit to neutrino obs., two free parameters: M, y = max [eig(yNy_;f\,)w

f a2 A% A here A; = Uss + iU,
YNYn ~ Y Mg + g 7 wihere A; i3 T 1 z2\/m2/m3
pa_ L1 101° GeV M mo_ 14X 101% GeV M
ce A\y? 107 GeV /'’ He Ay? 107"GeV )
: 5 _ 16x107GeV M p _071x100GeV (M
e Ay2 107 GeV ) T A\y2 107 GeV
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CLFV from short-lived ALPs

Bauer et al. ’'19
Cornella et al. ‘19

Cuel f [TeVT']

1012 el |
e GV Ceo/f = 1TeV
[(a — £4;) = ;n—; Kmeilg‘;mfj >2+ (mgi;:?me-
Ha =)= O%Zigff Tg Eer = Euv + ; C{B(rp),  B(1)= Tarctaurﬁ\/:f1 —1

T = 4m?g/m2 — 1€
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