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95% CL upper limits on BR(Z—-¢1")
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95% CL upper limits on BR(Z—-¢1")
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95% CL upper limits on BR(Z—-/{")
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B Motivation I: lack of new light physics =—> A > my,

B Motivation Il: model-independent analysis
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B Add higher dimensional operators

— warning! Wilson coefficients are scale dependent C = C(u) —

1 1 1
ZsmerT = Lsm + A Z Co'05 + A2 Z G0 + 0 e

a

£ Qc(f ) only 1: Weinberg operator
— neutrino masses —

£ QC(Z6) 59 operators [Buchmuller&Wyler'86, Grzadkowski et al’ 10]

— leading order for cLFV (some of them) —

B 02" just a lot

— we neglect them—
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4-lepton operators Dipole operators

Qe
Qee
Qﬁe

(L L) (L") Qe (Lo B)rl oW},
(B E) (B E) Qer (Lo™ E)®B,.,
(L, L) (B E)

Lepton-Higgs operators
(D), ) (Ly"L 3) (@Tr1D, @) (Ll L
at u @) (LAHL) Q(pf (@D, @)(LT " L)
i(®1D), ®)(Ey"E) Qevs (LE®)(2T)

2-lepton 2-quark operators

(LY, L) (@ Q) Quu (L, L)(U~A*U)
(Ly, ' L)(Qy" 7' Q) Qe (B, E)(T"U)
(Ev"E)(Q7,Q) Qtedq (L“E)(DQ®)
(L, L)(Dy*D) Qier (LOB)eqy(QVU)
(E,.E)(Dy" D) Q. (Lo E)ea(QPa" U)
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4-lepton operators Dipole operators

Qee (L, L)(Ly*L) Qew (Lo E)rlow],
ee (EW’ME) (E'YME) QeB (EU[WE)(I)BMV
Qre (L, L)(EAv"E)

Lepton-Higgs operators

(LED) (D' ®)
2-lepton 2-quark operators
QY (L7, L) (@' Q) Qeu (L L) (U4*T)
Qb (Ly, ' L)(Qy" 7' Q) Qe (B, B)(U4*U)
Qeq (EA"E)(Qv,Q) Qredq (L“E)(DQ")
Qea (L, L)(Dy#D) Qben (L E)eas(QPU)
Qe (E,.E)(Dy" D) Qv (L0 E)ean(QPa U)
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<(I)> e Dipole operators

Qe (I_/a“”E)TICI)WL{V

2
7 Camz/A Q.5 (Lo E)®B,,

(LE®)(®T®)
2-lepton 2-quark operators
QY (L7, L) (@' Q) Qeu (L L) (U4*T)
Qb (Ly, ' L)(Qy" 7' Q) Qe (B, B)(U4*U)
Qeq (EA"E)(Qv,Q) Qredq (L“E)(DQ")
Qea (L, L)(Dy#D) Qben (L E)eas(QPU)
Qe (E,.E)(Dy" D) Q. (Lo E)ea(QPa" U)
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<(I)> e Dipole operators

Qe (I_/a“”E)TICI)WL{V

2
7 Camz/A Q.5 (Lo""E)®B,,

2-lepton 2-quark op:

Qby (Lyu L) (@7 Q) Qe
Qb (Ly, ' L)(Qy" 7' Q) Qeu
eq (EA"E)(Qv,Q) Qredq
Ous (Ly,L)(D¥ D) 0 § 2] u“
Qe (E,.E)(Dy" D) Qb
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BR <Z — f,ﬂ-) = ‘gVRéij + 583,3‘ + ‘8VL5ij + 68y,

2 m% ]2 .12
i j )
+ (\%\ +\5gn\> »

B Tree-level: 3 incoherent contributions from the 5 operators

2
€SW .. eyv .
— v Soll = _ ij
8 VR CW 8 VR 2SWCW A2 Qe
e 1 ) ev? ) )
_ 2 y (1) (3) i
= ——+s5 ), ogl =-— (C + C )
SVL S Coy < 2 W> SvL 25,C A2\ #C 4
5gl, = 6gi" = — —— (5,CY +¢,Cl ) = C1
Etr = 9871 whep T Wty ) = Yoz
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B Same operators generate other low=energy cLFV observables
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B Same operators generate other low=energy cLFV observables

T C(//t) match&run
SMEFT RGE
v
mZ < matching
m v Low-Energy EFT
T (LEFT) RGE
m v
U

2 pouit

- | mm——
B
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B Same operators generate other low=energy cLFV observables

C(u)

compute obs

«—— LFVZD
«—— LFV T decays

4«—— LFV p decays



compute obs

«—— LFVZD

.......

<«—— LFV 7 decays

4«—— LFV p decays
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Probing effective operators at 1/=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
be 4.3 x 1078 T — P
BR(Z — 1) e
. 1.5 x 1071° T — py
v 1.7 x 10714 T — Wy
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Probing effective operators at 1/=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 108 T pe
o 6.3 x 1078 T — pe
BR(Z — Te) . ,
QY+ 4.3 x 1078 Ty
be 4.3 x1078 T = pu
BR(Z — Tu) - . _ |
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Probing effective operators at 1/=Mz

Observable Operator Indirect Limit on LFVZD  Strongest constraint
(Qf:e) + Qg?)e“ 3.7x10713 - u— e, Au
e 9.4 x 10715 — e, Au
BR(Z — pe) . _ .

XX

(Q((:e) + QS?)W 6.3 x 1078 T — pe
o 6.3 x 1078 T — pe
BR(Z — Te) _ ,
QY+ 4.3 x 1078 Ty
be 4.3 x1078 T = pu
BR(Z — ) . . _ |
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Probing effective operators at 1/=Mz

Observable Operator Indirect Limit on LFVZD  Strongest constraint
QY + Q%) 371078 e Au
e 9.4 x 10715 — e, Au
BR(Z — pe) . . 5

BR(Z — Te)

BR(Z — Tu)

XX (\ XX { XX
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95% CL upper limits on BR(Z—-/{")

80v60°'LLI8I — wed

@ Lo ue

III

A Z->Te
vVZ->TU

b
o
ot

N

_
o
—

™

_
o
—

M
=)
—

107°

1076

N~

_
o
—

(ce] (o)}

I |
o o
~ <~

1990 2000 2010 2020 2030

1980

year

November 11th 20

The 2021 International Workshop on CEPC —

Xabier Marcano



Mz —
Z — 1t

N —

N —
November | 1th 2021

— Several WC at

— Single WC at

/ — ue
X
X

_
O
A.
m
O
c
o
o
°)
<
v
X
=
3

iona

N\ %
s

m

The 2021 Internat

— Single WC at u

Dipole
Higgs-lepton

Marcano

ier

Xab




Probing effective operators at =/

B Z->uc Ml u—>ece muCR(u—e) mmu—ey

1 3
Qo ™ Qo ™ Qpe Q7
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Probing effective operators at =/

B Z->uc Ml u—>ece muCR(u—e) mmu—ey

-

3
Qul Qpe Qcz

NP scale probed by current experiments

P

—— Accesible at future experiments
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Probing effective operators at =/

104 BN/ ->uec mmu—cee muCR(u—e) mmu—ey
> 10°
° :
_‘100§ =
< s :

100 i

1; (1) (3) :
eu e C e
Q(pf ngf : ng'Lé QeILZt
. EmZ-o Tc mE T - eee BN Tocuu METope MET—S e MlT ey |
100

(D er 3) er Qer er
ol ol pe e’
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Probing effective operators at =/

B Z->uc Ml u—>ece muCR(u—e) mmu—ey

RN
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(D er 3) er Qer er
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— Single WC at y=Mz —

— Single WC at =N —
- Z > pe Z — 1l

Dipole | X X

Higgs-lepton X v

Xabier Marcano

_ TeraZ=Belle ll —

— Several WC at y=AN —
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Probing two effective operators at /=/\

10'33~H‘ T
- A=1TeV
1074
107°
%10_6?1‘\'\
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10—8? | | ‘.
A
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-1073
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—— BR(Z > pue) =10712
— —=BR(Z->pue)=10"1
— - = BR(Z->pue)=10"1

BR (Z - pue) =10-18

-10~7 -107% 10 1077

1076

107°

—r 11073

-,u—>eee E

= CR(u > e) |
1074
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10° 35
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104 1073

- Allowed if future experiments find nothing

- Allowed by current experiments
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Probing two effective operators at /=/\

1073 prrrrr T T T g 4 ()79
- A=1TeV 1F ]

I ——BR(Z->pue)=10"12 17 B p —eee ]
1074+ =T TBR@ope) =107 -CR(IHe)m‘4
" — - =BR(Z->pue)=10"16 1F 1
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B New flat directions when combined with 4-fermion WCs

B Huge amount of fine tuning to avoid all low-energy constraints
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BR(Z > 1e) =107
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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:

| - Z > pe Z — 1t
Dipole X X
Higgs-lepton X v
| - — TeraZ=Belle Il —
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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:

| - ZL-ope Lol
Dipole X X
Higgs-lepton X v
- ) o7 = Beld =

B Don't give up with Z — e Il

— the X marks the spot —

Xabier Marcano The 2021 International Workshop on CEPC — November | 1th 2021
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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]
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