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95% CL upper limits on BR(Z—-¢1")
e e

107" E
- SPS :
1072+ E
z . z
107 E
i v f
107 S -
: . |
¢ Yy )
10 .X H
i ® ]
c
-6 ]
1077 (I g
107" E
i @ Z—-ue f
10_8? Z E
: A L—Te i
0wz
. L 1 1 1 ]
1980 1990 2000 2010 2020 2030

year

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



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

B Motivation Il: model-independent analysis
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4-lepton operators Dipole operators

Qe
Qee
Qﬁe
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Lepton-Higgs operators
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2-lepton 2-quark operators
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<(I)> e Dipole operators
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B Matching and running play mayor role

— ask me about it—

B Set indirect bounds on LFV/ZD

— can we improve them at FCCee?—
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— warning! Wilson coefficients are scale dependent C = C(u) —

— Single WC at y=Mz —
— Single WC at y=AN —

— Several WC at y=N —
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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
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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
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XX
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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
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XX
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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)
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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 =/
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Probing effective operators at =/

B Z->uc Ml u—>ece muCR(u—e) mmu—ey

RN
|

(D er 3) er Qer er
ol ol pe e’

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



— Single WC at =Mz —

— Single WC at y=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 /=/\

1o ARRRRIR I AR L e e A T T ———— 1
- A=1TeV ( ) 1L mm T > eee
- ———BRZ->1)=10 11 mmt-me ]
———BR(Z—>T€)=10_7 11 T - pe |
— = = BR(Z>7e)=10"
1071 .- - BR(Z-1e)=10"1 | 4k -10~"

—1 ~10~" ~1072 -10-3 1073 1072 1071 1

Car” G
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 !!!
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Probing two effective operators at /=/\
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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:

| | Z — ue A A
Dipole X X
Higgs-lepton X v
| | - _ TeraZ=Belle Il —

B Don't give up with Z — e 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 —
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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 0= juyst a lot

— we neglect them—
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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
58, = 3¢y, = ——=— (5,Cly+ ¢, C5 ) = C1
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compute obs

mZ «—— LFVZD
mT <«—— LFVtdecays
m,u 4«—— LFV p decays
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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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B Most relevant for the LFVZD

d

= 1672y —
T lLCiﬁL

(1) (3)

CZZ) Cle, Ceea

C(l) 03) CQO’IMCSOda C(l) C(3) C(g'zlz,)?C(l) Cuuacdd, C(l)) )

(8)) ,

Pq 1 - pq

C(®) C(S)

qu ’
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B Full one-loop SMEFT RGE in Jenkins et al. [1308.2627, 1310.4838, 1312.2014]
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Probing two effective operators at /=
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