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Charged Lepton Flavour Violation (CLFV)

The SM does not predict any mixing pattern in the leptonic sector.
Neutrino oscillations: no individual lepton numbers Le, L,,, and L, conservation.

Several BSM models predict CLFV.

Experimental bounds are stringent, especially on electron-muon conversion.
w — ey at MEG,
1 — eee at Mu3e
uN — N at COMET, Mu2e and DeeMe

CLFV involving 7: the data are less constraining.

Lepton Triality allows CLFV, preferably at the 3™ family, avoiding p1 < e
conversions.
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Lepton Triality

Motivated by flavour structure models

with As discrete symmetry.

He, Keum, Volkas (2006) 0601001, Altarelli,
Feruglio (2006) 1006.3524, and Ma,(2010)

1006.3524
Charged Lepton sector with a
remaining Z3 flavour symmetry

e—~>T=1
uw—T=2
T—>T=3

L— w'Land eg — w'er,
2xi
w=¢e3
H, quarks are singlets under triality

Ly is diagonal under Z;

T:Z_ T=1
Sums
3 -
T=3 T=-2 =\ T=| \/
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T =1 2, 3 models

A simplified model with a mediator as doubly
charged singlet k;
ki ~ w,

ky ~ w?,

Ky h by e
< <
{ T 2 &

ﬁk] — % (Zﬁ(TR)CMR + fz(eR)CeR) ki + h.c.
/
Ekz = % (2g1(TR)CeR + gz(/J,R)C,u/R) k> + h.c. — "\ —_—— *'\/
£k3 = % <2h1(uR)CeR + hz(TR)CTR> /(3 + h.c.. _ ﬁ/ L /
— \\\\ — \\\
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Tau Decays at Belle |

- r
. e
Tau CLFV decays: \
\ -

T—eln+7, k\\\/P’ €, e
T — e/p+ 171~ where | = e/p. J/

/y, e

Observable Present constraint  Projected sensitivity
BR(r— — pu—p~et) 1.7 x 1078 * 2.6 x 10710 **
BR(r— — pute e™) 1.5 x 1078 * 2.3 x 10710 *x

* Belle Collaboration (2010) 1001.3221
** Belle 1l (2022) 2203.14919

Bigaran, He, Schmidt, Valencia, Volkas, (2022) 2212.09760.
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Belle Il sensitivity on CLFV tau decays from Triality T=1

10! 10!

DELPHI

10° N 10°

N ]
1024 mp, =1TeV 10-21 mp, =5 TeV

N

—— T — je e present T — e e present
——=- 77 — ptee” projected \'\_ 77 — pte"e” projected
1073 5 ; 5 - 1073 5 ; 5
107 107 10 10 10! 10~ 107 10 10 10!
il bl

Bigaran, He, Schmidt, Valencia, Volkas, (2022) 2212.09760.
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,TRISTAN

Hamada, Kitano, Matsudo, Takaura and Yoshida, (2022) 2201.06664
Ultracold muon technology from g-2 at J-PARC

-

putuT proposal /s =2 TeV;
1TeV ut beams;

expected luminosity of 12 fb~" per year.

\_

pte” proposal with asymmetric beam energies;
put beams up to 1to 3 TeV;
e~ beams from Tristan at 30 to 50 GeV;

expected luminosity of 100 fb~' per year.




Future lepton Colliders

Model Process Lepton Collider

T=1 ute —etr™ uTRISTAN  CL#V
T=1 ete” —ete” ete”

T=1 e e —ee -

T=1 e"e =T U -

T=2 ptut — 7rret uTRISTAN  CLFV
T=2 ptpt — utpt TRISTAN

T=2 pte = 71tu~ uTRISTAN  CLFV
T=2 ptp~ — ptp~ T
T=3 pute —pute 1 TRISTAN

T=3 putet = 7rtst -

G.L, Schmidt, Valencia, Volkas (2023) 2307.11369
7122
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CLFV s-channel at ;" pu™

g1 X g2

1.0F

0.8F

0.4F

0.2F

0.0k

L=121fb!

phpt —etrt
. .

i 6 8 10
my, (TeV)

Belle
LHC
----- Belle Il
Vs =1TeV
Vs =2 TeV
Vs =3 TeV
Vs =4 TeV

pt Tt
ky

pt et

( )

90% C.L. contour
assuming no background
N = 2.44;

g y,
a4 )
V&2 S 05 (1) %

For /s =2 TeV:
VE& S 07 .
. J
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CLFV u-channel at y7e™

e T(r=1) K(1=2)
1.OF 02
0.81 N N N

i €r=1T(1=2)

~ 0.6 Belle
LHC bounds e+
> 04 /7 0] mmee- Belle Il
V5 = 0.346 TeV ///,+sh|eld
? T —— -

02 L =100 fh" V5 = 0.775 TeV e % .
0.0k /1+67 —) f;*r" =

( Vif S 035
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Summary Table

Experiment Process 90% C.L. limit Assumptions

Belle ™ > pteme VAR S007 % | 782 b

Belle T metup | JEg S 017 782 fb!

Belle Il T = ptee” ViR SO0. O6Te\ 50 ab~"

Belle Il T~ > etuTus /g8 < 0. 06TC\ 50 ab™!

DELPHI ete” —efe f <1408

DELPHI ete™ — ptpu~ 1 < 0.72.0%

DELPHI ete” 5 1t1™ & S 0. 661“

whpt collider | ptpt — 7tet VB& S 0.07,;25\2, 12fb", /s=2TeV

utpt collider | ptput — ptput & < 0. 09.1“9\ 12fb7, /s=2TeV

pte collider | pte™ — etr™ Vif S 01308 | 100 o', (E. E,) = (30,1000) GeV
phe collider prem = 7hp” VB8 S 003 ﬁ‘\z 100 b=, (E., E,) = (30,1000) GeV
ute™ collider prem — ute” n S 017 % mk3 100 fb~', (E., E,) = (30,1000) GeV
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Next-to-leading order Constraints

G.L, Schmidt, Valencia, Volkas (2023) 2312.09409

Li=73 <2f1(7'R)C,UR + fZ(eR)CeR> ki + h.c. 7 s I with I — e r
Lig =2 <2g1(TR)CeR + €2(MR)CMR> k2 4 h.c. H— vy
Ly, = % 2m(ur)er + ha(Tr)<7R ) k3 + h.c.. H_s 7

-

The relevant non-Yukawa interaction terms in the potential are:
2
V2 V2
£5 D,k = ikl — R (k)2 = ko (676 - 5) Kki— 3 (af0 - %)
where D, = 0, + i2e(A, —tanOywZ,)



Z— 117, withl=epu, 1

(f2, 91, 11)

2.5
2.0
05 ,_4::/
ot 0gR
5 2.0 2.5

0.5

1.0

my, (TeV)

N ATLAS 36 fb!

7, ATLAS 139 fb!
LEP+SLD
HL-LHC + ILC
HL-LHC + ILC (GigaZ)
— HL-LHC + CEPC

— HL-LHC + FCC-ee

665  88e
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,
,
,
****** <
.
H N
ki
-
/
,,,,,, K
H N

S ATLAS 36 b~

2 ATLAS 139 ib™"

LHC

10 12 14
my, (TeV)

R — [I(H=77)
VYT T(H=77)sm
Yellow: R, = 1'0881_8:835

(ATLAS arXiv:2207.00092 [hep-ex])
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Future Collider projected sensitivity

Ry = /ﬂ:z/
Ofange: HL-LHC (6 ab' of data)
0 Ak, =18%
S ATLAS 36 0 Blue: future ete collider (240 GeV,
S 4 7 ATAS 0 b 5 ab' of data) combined with
______ | e HL-LHC Ak, =13%
g Teass \ HL-LHC ]
58 10 1z 17 16 15 20 — Focum Green: the integrated FCC program
mi; (TeV) (ee, eh and hh) Ak, = 0.29%
(Snowmass 2021 arXiv:2209.07510
[hep-ex])
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0.8 < RZA/ < 1.15 ‘( ' ATLAS 36 fb~!
S 4 7/ ATLAS 139 fb™"
Rzy =22407 < |
2 i Az, = 3%
(ATLAS and CMS arXiv:2309.03501 [hep-ex]) 0 | Mg = L3Y%
AK/ZW — 9.8% 06 08 10 1 2(T \17; 16 18 20 ~ Az =0069%
my, (Te
(Snowmass ATL-PHYS-PUB-2022-018, 2022.) -0.310p
N ATLAS 36 b~
-0.315 —
Compared to R'\//A’/: o0k _— - /) ATLAS 139 fb~"
o325 — =1
-0.330 Ko =3
R= Rz, 0 1T 1o 15 20 re=s
Ry =1 my, (TeV) T =10
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Summary

Lepton Flavour Triality avoids CLFV bounds from muon decays while allowing tau
CLFV interactions;

Belle Il predictions of tau CLFV decays.
1 TRISTAN
putpt collider

Resonances searches
UTRISTAN pte™ collider

Next-to-leading order results from Z — [T/=, H — vy, H — Zv
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Thank you!
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Observables

Direct Searches of doubly charged scalar with CLFV:
my, > 0.6 TeV (ATLAS).

Lepton scattering (DELPHI):
[ > 074 TeV;
B> 15TeV.

Flavour-violating Z decays:
BR(Z — kiky — eT e~ ™) is highly suppressed;
BR(Z = vt~ — etetp ™).

anomalous magnetic moment — too small.
Bigaran, He, Schmidt, Valencia, Volkas, (2022) 2212.09760.
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Neutrino Masses

Include 3 RH sterile Neutrinos
T =1,2, 3 triality charges vg — w'up
LD yV/Z,'VR,'F/ + %M,‘/'(V,;,‘)CVR/‘ + h.c.

M; is a Majorana mass matrix

Incompatible with neutrino oscillations.

Break Triality with soft-breaking
operators or introducing a Singlet
complex scalar S (T=1), with non-zero
VEV for S.

Type | see-saw, or Type llI (triplet).

Bigaran, He, Schmidt, Valencia, Volkas, (2022) 2212.09760.
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SMEFT

C Le1rv = C(Ly,L)(Ly* L) 4 C*(8ryuer)(Eryer) + C®(Ly,L)(Erv"eR) )

CYRR  _ fif2
eel312 — 4m/<12
BR(++ T 4 4\ _ B BR(+~ -
(7= = pTeter) = GaGim (17 = p~oury)
CVRR _ _ &&
ee2321 — 4mk%

2,2 ~ 2
BR(r* — ptpteT) = 8 l(%‘) BR(T™ — p~ouvy)

- 64G’,2_- n’Jk;1
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SMEFT

( )

Present bounds from Belle:

VX <0177

VB X & < 01772
\_ © )

Prediction for future sensitivity from Belle II:

VA X f2 < 0.061%

VB X & < 0.0672
\_ © _J
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