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WHY LEPTON FLAVOR VIOLATION ?
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LONG STORY

Bravar — ICHEP 2016
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LONG STORY

Belle Il Physics Book — 1808.10567
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LONG STORY

Belle Il Physics Book — 1808.10567
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NEW OBSERVABLES ARE WELCOME

~

N LFV Z DEcAaYs N
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CLFV AT HIGH ENERGIES
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CLFV AT HIGH ENERGIES
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CLFV AT HIGH ENERGIES
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CLFV AT HIGH ENERGIES
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CLFV AT HIGH ENERGIES
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CLFV AT HIGH ENERGIES
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SM EFFECTIVE FIELD THEORY

~Y ~Y

N SMEFT ANALYSIS N

B Motivation I: lack of new light physics * # $ m,,

B Motivation Il: model-independent analysis
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CLFV IN SMEFT (DIM ©

4-lepton operators Dipole operators
Q (B1,L)(181 ML) Qew (8" E)# 1 W
Qee (B E)(EHE) Qes (@"" E)! By
Qe (@, L)@ HE)
Lepton-Higgs operators

o) (1 Dy ! )(BHL) ) (1 #D, ! )(B# VL)

Qe i(1 Dy!)BIVE) Qe (BEL)(! 1)
2-lepton 2-quark operators

Qi (81, L)(@1HQ) Que (81,L)(81+U)
QY (81, # L)(@H# Q) Qeu (B! LE)(9! +U)
Qeq (B'HE)@! Q) Qredg (B2E)(BQ?)
of (81 ,L)(B1HD) Qlone (B2E ) (@°U)
Qed (B! ,E)(! HD) Qlone (82", E )i (@ 1" V)
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CLFV IN SMEFT (DIM 6)

(P) / Dipole operators
1 AN
Qe (B"H E)# 1 W/,
\ Camz/Az - B i
Z QeB (I? HE)! Bu"
El

Lepton-Higgs operators

2-lepton 2-quark op

Qry (81,L)(@ Q) Quu

QL (8!, # L)(@ "# Q) Qeu

Qeq (B HE)(@!,Q) Qredg

of (81 ,L)(B1HD) Qlone (B2E )% (@°U)
Qed (B! ,E)(F! +D) Qlone (82", E)$un (@ " U)
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INDIRECT CONSTRAINTS

B Same operators generate otllew-energy cLFV observables

® Matching and running play mayor role

— ask me about it—

B Set indirect bounds on LFVZD

— can we improve them at FCCee?—
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OUR ANALYSIS

— warning! Wilson coefficients are scale dependent C %0 C(") —
— Single WC at py=Mz —

— Single WC at p=! —

— Several WC at p=! —
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INDIRECT LIMITS ON LFVZD

Probing effective operators at p=Mz

Observable Operator Indirect Limit on LFVZD  Strongest constraint
(QSZ) + Qg?)e“ 3.7x 10713 u— e, Au
e 9.4 x 10719 u— e, Au
BR(Z — pe) e
QM 1.4 x 10723 pw— ey
Qe 1.6 x 10722 ©— ey
(Q((;e) + Qgg)m 6.3 x 1078 T — pe
et 6.3 x 1078 T — pe
BR(Z — Te) e
o 1.2 x 1071 T — ey
T 1.3 x 10714 T — ey
1 3 _
QY +Q8)* 4.3 x 108 = pu
. 4.3 x 1078 T —
BR(Z — 1) e E
. 1.5 x 1071° T — py
v 1.7 x 10714 T — Wy
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INDIRECT LIMITS ON LFVZD

Probing effective operators at p=Mz

Observable Operator Indirect Limit on LFVZD  Strongest constraint
(QY) +Q%) 3.7 x 10713 - e, Au
e 9.4 x 10~1° — e, Au
BR(Z — pe) ’° I 8

XX

QY +Q%) 6.3 x 10~8 T pe
o 6.3 x 1078 T — pe
BR(Z — Te) . , x
Q%) +Q¥)H 4.3 x 10-8 N
ur 4.3 x 1078 T
BR(Z — 74) ’ R PR
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INDIRECT LIMITS ON LFVZD

Probing effective operators at p=Mz

Observable Operator Indirect Limit on LFVZD  Strongest constraint
(Q(l) (3))6“ 3.7 x 10713 pu— e, Au
e 9.4 x 10715 — e, Au
BR(Z — pe) . _ .

(Q((:e) + QS?)W 6.3 x 1078 T — pe
o 6.3 x 1078 T — pe
BR(Z — Te) . , x
Q%) +Q¥)H 4.3 x 10-8 N
e 4.3 x 1078 T —
BR(Z — 74) ’ R PR
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INDIRECT LIMITS ON LFVZD

Probing effective operators at p=Mz

Observable Operator Indirect Limit on LFVZD  Strongest constraint
QY + Q%) 371078 e Au
e 9.4 x 10715 — e, Au
BR(Z — pe) . . ) : -

BR(Z — Te)

BR(Z — Tu)

XX (\ XX { XX
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INDIRECT LIMITS ON LFVZD
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HOPE AT FUTURE LEPTON COLLIDERS

— Single WC at u=Mz —

|  Z& e Z& #
Dipole | X X
Higgs-leptor X v
— Single WC at p=! —

— Several WC at u="! —

5th FCC Physics Workshop — February 8th 2022



SENSITIVITIESTO NEW PHYSICS SCALE

Probing effective operators at p=!

S
NIy

Q!3" e Qee

Q!l"e

NP scale probed by current experiments

- Accesible at future experiments

Xabier Marcano 5th FCC Physics Workshop — February 8th 2022



SENSITIVITIESTO NEW PHYSICS SCALE

Probing effective operators at p=!
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SENSITIVITIESTO NEW PHYSICS SCALE

Probing effective operators at p=!
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HOPE AT FUTURE LEPTON COLLIDERS

— Single WC at u=Mz —

— Single WC at p=! —
_ Z& "e Z& #
Dipole X X
Higgs-leptor X v

— TeraZ " Belle ll —

— Several WC at u="! —
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BEYOND THE SINGLE OPERATOR

Probing two effective operators at p=!

#=1TeV

|
|
|
ST
il

— Allowed if future experiments find nothing

\\/ Allowed by current experiments
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BEYOND THE SINGLE OPERATOR

Probing two effective operators at p=!

#=1TeV

|
|
|
ST
il

B Potential 2D flat directions constrained by other observables
B Huge amount of fine tuning to avoid all low-energy constraints
B More cases in arXiv: 2107.10273 !l!
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BEYOND THE SINGLE OPERATOR

Probing two effective operators at p=!

#=1TeV

BR(Z

B Potential 2D flat directions constrained by other observables
B Huge amount of fine tuning to avoid all low-energy constraints
B More cases in arXiv: 2107.10273 !l!
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HOPE AT FUTURE LEPTON COLLIDERS

— Single WC at py=Mz —
— Single WC at p=! —

— Several WC at u="! —

avoiding extreme fine tuning

Dipole X
Higgs-leptor X

BR(Z& #)' 10 7 still allowed
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SUMMARY

B TeraZ factory optimal place to boost LFV Z decay searches
— Improve current limits by 3-4 orders of magnitude —

B These sensitivities compete with indirect low-energy observables

B From our SMEFT analysis:

| L& "e &
Dipole X X
Higgs-leptor X v
| | - — TeraZ " Belle Il =
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SUMMARY

B TeraZ factory optimal place to boost LFV Z decay searches
— Improve current limits by 3-4 orders of magnitude —

B These sensitivities compete with indirect low-energy observables

B From our SMEFT analysis:

| L& "e &
Dipole X X
Higgs-leptor X v
| | - — TeraZ " Belle Il =

B Don'tgiveupwithZ! pe!ll
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SUMMARY

B TeraZ factory optimal place to boost LFV Z decay searches
— Improve current limits by 3-4 orders of magnitude —

B These sensitivities compete with indirect low-energy observables

B From our SMEFT analysis:

| - L&"e L& H
Dipole X X
Higgs-leptor X v
| | : — TeraZ . Belle Il J =

B Don'tgiveupwithZ! pe!ll

— the X marks the spot —
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BACK UP
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SM EFFECTIVE FIELD THEORY

B Add higher dimensional operators

— warning! Wilson coefficients are scale dependent C % C(" ) —

1 1 1
= - OO + — 6)(6) -
) smEFT= ) SM+#! Ca’Qa +#2| Ca™Qa +*(#3)

a a

B Q!> only 1: Weinberg operator
— neutrino masses—

1 Q(6) 59 operators [Buchmuller&Wyler'86, Grzadkowski et al’ 10]

— leading order for cLFV (some of them) —

B Q™" just a lot

— we neglect them—
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LFVZD IN SMEFT

B Following Brignole&Rossi [hep-ph/0404211], Crivellin et al. [1312.0634]

R 0 0ot o6 |2+ 2 ogi |2+ |ogi |2
BR(Z& !l _W{ v+ /g\/R‘ + | oo+ o4l | + 2 |+ @TL‘)} ,
B Tree-level: 3 incoherent contributions from the 5 operators

_ S ol = ( ev? cl
gVR Cw , /g\/R ZSNCW#Z &€
e 1 y ev? § }
= — (Z+52 |, ol = COI 4+ cO)
O SNCW( ( 5 S/v) @VL ( ZSNCW#Z (e & )
* VvV . . .
ol = ol " = Cil +¢c Cli, oCl
R L= /242 (e T W) OV
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INDIRECT CONSTRAINTS

B Same operators generate othew-energy cLFV observables

T )

compute obs

< MATCH % RUN
[nZ < LFVZD
21" «<—— LFV#adecays
ITh <«—— LFV pdecays

=%
= jmmm—

flavio
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LOW-ENERGY CLFV

LFV obs. Present bounds (90% CL) Expected future limits
BR(p — ey)  42x10"13 MEG (2016) [63] 6 x 10-14  MEG-II [64]
BR(p — eee) 1.0 x 1012 SINDRUM (1988) [65] 10-16  Mu3e [66]
CR(u — e,Au) 7.0x 107! SINDRUM II (2006) [67] — —

CR(u — e, Al) —~ - 6 x 10~  COMET/Mu2e [68, 69]
BR(T — ev) 3.3 x 1078  BaBar (2010) [70] 3x 1072  Belle-II [71]
BR(7 — eece) 2.7 x 1078  Belle (2010) [72] 5x 10719 Belle-II [71]
BR(7 — eup) 2.7 x 1078  Belle (2010) [72] 5x 10719  Belle-II [71]
BR(7 — me) 8.0 x 10~  Belle (2007) [73 4 x 10710 Belle-II [71]
BR(T — pe) 1.8 x 1078  Belle (2011) [74] 3x 10719 Belle-II [71]
BR(T — uy) 4.2 x 1078  Belle (2021) [75 10~°  Belle-II [71
BR(7 — pup) 2.1 x 1078 Belle (2010) [72] 4 x 10719 Belle-II [71]
BR(T — pee) 1.8 x 108  Belle (2010) [72 3x 10710 Belle-II [71]
BR(7 — 7u) 1.1 x 10~7  Babar (2006) [76] 5x 1071%  Belle-II [71]
BR(T — pp) 1.2 x 1078 Belle (2011) [74] 2 x 10719 Belle-II [71]

4p Refs in arXiv: 2107.10273

Xabier Marcano
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SMEFT RGE

B Full one-loop SMEFT RGE in Jenkins et al. [1308.2627, 1310.4838, 1312.2014]

B Most relevant for the LFVZD

(01\ (01\ (711 Y12 0 0\(01\

C, o d | C2 Yo1 Y22 Y23 O C>

. = 16m°p— = :
Cs du | Cs 0 732 733 734 Cs

\ C1 ) \04/ \ 0 0 w3 ) \04)

with

W )
i, C8).Cpe)

T
Cefa Cfe, Cee, (g), 0(3) CE’U,, Cfda Ceu, Ced) qu) )

Cg(olél), C<p3q)7 Cgo'u,a C C(gé), C(3) C(g'lll,)7 C(l) Cuua Cdd, C(l)) )

8) o® ~®)
c®,c9.c9),

qu ’

c=(
c2=(
G =(
Cs=(
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BEYOND THE SINGLE OPERATOR

Probing two effective operators at p=!

| !%: 1L o 100

P l& e 1% e LS g L e D e 1
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OTHER OPERATORS

Probing two effective operators at p=!

" I&i T A L L L ) ) B ] B A AL B AR g | &
“#=1TeV als - ]
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OTHER OPERATORS

Probing two effective operators at p=!

#=1TeV , ‘ f
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OTHER OPERATORS

Probing two effective operators at p=!

!:HH“ ‘ ‘ [T ‘ ‘ rrrr ‘ ‘ T ‘ ‘ 1F ‘ ‘ P ‘ ‘ P ‘ ‘ rrTrr ‘ ‘ “HH:!
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