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LFVQD Present bounds on BR (90% CL)
T/ — ep 4.5x 10~° BESIII (2022) |[16]
T(18) - epn 3.6 x 1077 Belle (2022) 17
YT(1S) — euy 4.2x 1077 Belle (2022) 17
T/ — er 7.5x10~8 BESIII (2021) [18]
T(1S) - er  2.4x107°% Belle (2022) 17
YT(1S) - ety 6.5x107% Belle (2022) 17]
T(2S) - er  3.2x107% BaBar (2010) [19
YT(3S) wer 4.2x107% BaBar (2010) [19
Jlp— pur 2.0x10-6 BES (2004)  [20
Y(1S) - pur 2.6 x 1079 Belle (2022) 17
Y(18) = pry 6.1x 1076 Belle (2022)  [17
T(2S) - pur  3.3x107% BaBar (2010) [19
YT(3S) = ur  3.1x10~° BaBar (2010) [19

B See talk by Jingshu Li

B Refs asin 2207.10913

Xabier Marcano
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LFVQD Present bounds on BR (90% CL)
ATl — e 4.5x 10~° BESIII (2022) |[16]
T(18) - epn 3.6 x 1077 Belle (2022) 17
Y(1S) = ey 4.2x 1077 Belle (2022) 17]
T/ — er 75x 10~ BESIII (2021) [18]
T(1S) - er  2.4x107°% Belle (2022) 17
YT(1S) - ety 6.5x107% Belle (2022) 17]
T(2S) - er  3.2x107% BaBar (2010) [19
YT(3S) wer 4.2x107% BaBar (2010) [19
J/y — pr 2.0 x 107% BES (2004) 20
Y(1S) - pur 2.6 x 1079 Belle (2022) 17
Y(1S) = pry 6.1 x107% Belle (2022)  [17]
T(2S) - ur  3.3x107% BaBar (2010) [19
v T(BS) = ur 3.1x107% BaBar (2010) [19

Vectorial Quarkonia

B See talk by Jingshu Li

B Refs asin 2207.10913
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Vectorial Quarkonia

LFVQD Present bounds on BR (90% CL)

A T — ep 4.5x 1079 BESIII (2022) [16]
T(1S) weu  3.6x 1077 Belle (2022) 17
b x 10-7 Belle (2022)  [L7
J/p — er 7.5 x 1078  BESIII (2021) [18]

1S) - er  24x107° Belle (2022) 17
/65 x 1076 Belle (2022)  [17]

YT(2S) > er 3.2x10°% BaBar (2010) [19
YT(3S) wer 4.2x107% BaBar (2010) [19
J/ ) — pr 2.0 x 106 BES (2004) 20]

2.6 x 1076 Belle (2022)  [17]

6.1x107° Belle (2022) 17]

T(29) = ur  3.3x 1075 BaBar (2010) [19

v T(BS) = ur 3.1x107% BaBar (2010) [19

B See talk by Jingshu Li

B Refs asin 2207.10913
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B Defined below EWV scale
B Four fermion operators: 2quark=2leptons (S, V, T)

£
q
Tree-level Loop-level
LFVOQD other LFV processes

Xabier Marcano QWG 2022 — September 27th 2022
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Indirect upper limits on BR

Operator Strongest constraint

P & T/ — 00 b(28) — 20
Ceiliicee u—e, Au (1.6 - 0.07] x 1071  [2.8-0.2] x 10716
Ceirpicce u—e, Au [1.5-0.07] x10~15  [2.8-0.2] x 1016
Ceiljoine p—> ey 3.4 - 0.5] x10~2 7.8 - 1.4] x 1022

Cev,pe p— ey 2.6 - 2.5] x1026 6.3 - 0.5] x10~%7
Co e T — pe 6.6 - 0.1] x 10° 1.2 - 0.05] x 1079
Coi.c T — pe 6.5-0.1] x 1072 1.2 - 0.04] x 1079
Cetiyrece T ey [1.2-0.05] x107**  [2.3-0.2] x107"

Cery,re T — ey [1.7 - 1.6] x10~18 4.7 - 3.5] x10719

Xabier Marcano

B Single operator analysis
— warning! Wilson coefficients are scale dependent C = C(u) —

B Results for ut similar to et (more in 2207.10913)

QWG 2022 — September 27th 2022
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Indirect upper limits on BR

Operator Strongest constraint
P . T/ — 00 b(29) — &f'

N oA — e, Au " [2:8-0.2] x 10716
e - —16
C J7.8-1.4] x10722
v Cerpe e - 0.5] x10~27
N CORkE T — pe 6.6 - 0.1] x 10° 1.2 - 0.05] x 1079
o Coi.c T — pe 6.5-0.1] x 1072 1.2 - 0.04] x 1079
Y CLER T — ey [1.2-005] x10~12  [2.3-0.2] x10~13
U Ceyre T — ey [1.7 - 1.6] x10~18 4.7 - 3.5] x1071°

B Single operator analysis

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

B Results for ut similar to et (more in 2207.10913)
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Indirect upper limits on BR

Operator Strongest constraint T/ 00 (2S) > 7
A v.LL — e, Au )15 2.8 - 0.2] x 10716
3| © -02] % 10:16
C J7.8-1.4] x10722
A gOhE
- | 5-01] x107° |
Sl ohi T — ey [12-005] x1072  [2.3-0.2] x 10713
v Ceyre T — ey [1.7-1.6] x10718  [4.7 - 3.5] x10~19

B Single operator analysis
— warning! Wilson coefficients are scale dependent C = C(u) —

B Results for ut similar to et (more in 2207.10913)
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Operator Str. const.

Indirect upper limits on BR

T(2S) — ¢¢ T(3S) — ¢/

V,LL
Ced,'rebb
V.LR
Ced,'rebb
T,RR
C'ed,'rebb

Ce'y,'re

3.1-02] x107®  [28-0.2] x107®  [3.0-0.3] x107°

T(1S) — £¢
T — pe
T — pe [3.1-0.2] x 1076
T — ey 4.0 - 0.6] x 10~
T — ey 1.4 x 1017

[3.0 - 0.3] x 1076
4.1 - 0.8] x 10~
1.4 x 10717

2.8 - 0.2] x 1076
3.7 - 0.6] x 1011
1.3 x 10717

B More promising results: BELLE/BABAR already at O(107°) level

Xabier Marcano
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Operator Str. const.

Indirect upper limits on BR

T(2S5) — & T(3S) — £¢

V,LL
C’ed,Tebb
V.LR
Ced,Tebb
T,RR
Ced,'rebb

Ce'y,'re

3.1-02] x107®  [28-0.2] x107®  [3.0-0.3] x107°

T(1S) — £¢
T — pe
T — pe [3.1-0.2] x 1076
T — ey 4.0 - 0.6] x 10~
T — ey 1.4 x 10~Y7

2.8 - 0.2] x 1076
3.7 - 0.6] x 1011
1.3 x 10717

[3.0-0.3] x 1076
4.1 - 0.8] x 10~
1.4 x 10717

B More promising results: BELLE/BABAR already at O(107°) level

Xabier Marcano

Vectorial quarkonia could probe new
LEFT parameter space in £t sector
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Indirect upper limits on BR

Operator Str. const.

J/ — by Ne — L0/ Xc0(1P) — ¢¢

S,RR

Ceu,Tecc T — €Y
S,RL

Ced,Tecc T ey

[1.7-0.003] x 1071 [6.8 - 0.01] x10™2 [1.5-0.003] x 10~7
[2.0-0.09] x 1071 [9.2-0.4] x107°  [1.3-0.08] x 1077

b[_Q Operator Str. const.

Indirect upper limits on BR

Y(1S) — L0/~ my — O Xoo(1P) — £¢

CS,RR

ed,Tebb T — ey
S.RL
Cid rebb T — ey

[7.6-0.1] x107° [1.1-0.02] x1076 [2.8-0.05] x 1076
[3.5-0.3] x1078  [5.3-0.4] x107%  [1.2-0.09] x 107°

B Few experimental results available

B Interesting as they probe different operators than vectorial decays

Xabier Marcano
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B Defined above EWV scale

2q2¢ operators

Otgrst Toml)@"Q) Oy T L)@ 7' Q1)
O@u,p'rst (EP’YMLT) (as’)'“ut) Oﬁd,prst (Ep’YMLr) (Czs'yudt)
Oeu,p'rst (ép’Yy e'r) (ﬂs')'uut) Oed,prst (ép’)’u e'r) (Czsfyudt)
Oqe,prst (Qp'Y“Q'r)(és'Yuet) Ofedq,p'rst (Eper)(Jth)
Oéi()IU,P”‘St (‘l_-’g’er)ejk (Q.I;:u‘t) Oéz()lu,prst (E%O-NVeT)Ejk (Q?o-lﬂ/ut)
4¢ operators Dipole operators
OEE,prst (ZP’YMLT) (-Z s’yu Lt) OeW,pr (EI,O“W Cr )TISOW/,{V
Oee,prst (ép')'ue'r) (és')'uet) OeB ,pT (-Zpo' e, ) SOB v
OEe,prst (E p'Y,qu ) (és'yu et)
Lepton-Higgs operators

0%, ("D ) (L L) 0% (¢'i Do) (Lyy 7' L,)
Oge,pr (SOTi(I_))u ) (eprter) Oeps,pr (Lperp) (')

Xabier Marcano QWG 2022 — September 27th 2022



B Defined above EWV scale

q 4
2q2¢ operators ~
. . g £
Oawrst  TmuLlr)@"Q)  Opg 71Q,)
O@u,p'rst (EP’YMLT ) (as’)’“ ut) Oﬁd,prst Y LTr) \asfyudt)
Oeu,p'rst (ép’Yy e'r) (ﬂs')'uut) Oed,prst (ép’)’u e'r) (Czsfyudt)
Oqe,prst (Qp'Y“Q'r)(és'Yuet) Ofedq,p'rst (Eper)(Jth)
Oéi()IU,P”‘St (‘l_-’g’er)ejk (Q.I;:u‘t) Oéz()lu,prst (E%O-NVeT)Ejk (Q?o-lﬂ/ut)
4¢ operators Dipole operators
OEE,prst (ZP’YMLT) (-Z s’yu Lt) OeW,pr (EI,O“W Cr )TISOW/,{V
Oee,prst (ép’)’ue'r) (ésfyuet) OGB »yPT (EPO-HVGT )QOB nv
OEe,prst (E p'Y,qu ) (és'yu et)
Lepton-Higgs operators
0%, ("D ) (L L) 0% (¢'i Do) (Lyy 7' L,)
Oge,pr (SOTi(I_))u ) (eprter) Oeps,pr (Lperp) (')
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B Defined above EWV scale

q 4
2q2¢ operators ~ |

. . g v
Oarst Tomule)@"Q)) Oy Q)
Oeu,p'r'st (-Zp’Y/LLr ) (’17,3’)’“ ut) OEd ,prst _W(as')'“dt)
Ocu,prst (€pYuer) (BsyHus) Ocd,prst (Epyuer)(dsy'dy)
Oqe,prst (Qp'yuQr) (és')'uet) Ogedq,prst (Eper) (Jth)
Oél;u,prst ('Z% € . « (D) S()Ju,prst ('Z%O-IJ:V e"‘)ejk (Q?auuut)

4¢ operato:

OEE,prst (Lp'Yu- f , )eW,pr
Oee,pfrst (ép')’p )eB,pr
OEe,prst (Lp'Yuz'r ;(és'yu et)

1 . F 3
Ofof),pr (QOTZ 2}#80) (LP’YML"') O(foe),p'r
Oge,pr (‘PTi D ,p)(epy*er) Oeps,pr

B LFV Z decays also relevant [see Calibbi, XM, Roy 210/.10273]

Xabier Marcano QWG 2022 — September 27th 2022


http://arxiv.org/abs/arXiv:2107.10273

(:ed,TeZZ

m J/Yy—er mm T eee mm ToOEUL W T > pe

mToe mZ-oET mT-oey
\\\H‘ \\\\\H‘ N N N B

|
102 10" 1 10

Ced,TeS3

m Y(1S)»er mm 7> eee mm ToEUU wm T > pe

T > 7e m/-oer mT-oey
\ \ \ I I

1 10

Xabier Marcano QWG 2022 — September 27th 2022



NP scale probed by current experiments _ ,
Accesible at future experiments

Ced, 722

m J/Yy—er mm T eee mm ToOEUL W T > pe

mTo7c mZ->€er mmT- ey

10

Ced, 7€33

m Y(1S)-»er mm 7> eee mm ToeUU -T—>pe]

T > 7e m/-oer mT-oey
\ \ I O I

1 10
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NP scale probed by current experiments _ ,
Accesible at future experiments

x10 x102 x108

Ced, 722

m J/Yy—er mm T eee mm ToOEUL W T > pe

mToe mZ-oET mT-oey
\\\H‘ \\\\\H‘ \\\\\H‘ ! 1

102 10~ 1 10

Ced,TeS3
m Y(1S)»er mm 7> eee mm ToEUU wm T > pe
T > 7e m/-oer mT-oey
| \ \ \ I N B I
1 10
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m J/Yy—er mm T Eee mm ToOEUL W T > pe

mTo7c mZ->er mmT-oey

y

ng) 722
3

Cg’q), 722

C(u, Te22

Cyu, re33

Crd, re22 Crd, re33

qu, 221e

qu, 3371e

Ceu, 1722 Ceu, 733

Ced, 1722 Ced, 733

m Y(1S)—»er mm 7> eee mm ToEUL W T > pe

m T o 7e m/-oerT mToEey

Xabier Marcano QWG 2022 — September 27th 2022




=/

Probing two effective operators at 1/

\

BR(J/y—»er)=10"""
— - =-BR(J/Yy—>er)=10""3

. = BR(J/¥>er)=10"15

J

v

L]

1072 1071

qu, 22 e

1073

-1072 -1073
qu, 22 te
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VYN e~ T [rrrrrr T 1F T T T T tooT T ‘ “““‘E1

1L r ) A=1TeV
| — BR(J/Q&—>6T)=1O_11

— - =-BR(J/Yy—>er)=10""3
— - —BR(J/¢>er)=10"15

—1 ~1071 ~1072 -1073 1073 1072 101 1
qu, 22 te qu, 22 e

B Potential 2D flat directions constrained by other observables

B Huge amount of fine tuning to avoid all low-energy constraints

Xabier Marcano QWG 2022 — September 27th 2022



Probing two effective operators at /=/\

rrrTT T T [rrrr E rrrTT rrrTT FrTTT 1
A=1TeV
1l ——BR(Y(1S)>er)=107"° 1
10 i — —-BR(Y(1S)—>er)=10"" 10
I — - —BR(Y(1S)—»er)=10"13
"{ I e
810_2§ :10—2 g
@) s ] @)
107 1073
-1 101 ~1072 -10-3 1073 1072 10" 1

qu, 33 te qu, 33 te

B Some particular flat directions for all constraints

— LFVQD provide complementary information! —

Xabier Marcano QWG 2022 — September 27th 2022



— LFV quarkonium decays as a window to explore new physics —

B These sensitivities compete with other LFV observables
— both at low- and high-energy —

B We don't expect to see LFVQD in ey channels
— Don’t give up, prove us wrong!!l —

@ From our LEFT analysis

— LFVQD close to probe new parameter space —

B From our SMEFT analysis

— More challenging, but still provides complementary information —

Xabier Marcano QWG 2022 — September 27th 2022
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eu,Tecc
VXY
eu,Tecc
TXX
eu,Tecc

VXX
ed,Tebb

ed,uuebb
ed,uuebb
TXX
ed,uuebb
VXY
Ced,Tebb
CTXX
ed,Tebb
Te

CVXY

Q Q Q
(&) (&) O
(O] (O] (O]
3 53 3

CVXX
C

C
Cey,,ue
C

C

C
Cey,Te
CVXX
Cey,,ue
CVXX
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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—

Xabier Marcano QWG 2022 — September 27th 2022



Xabier Marcano

B Same operators generate other low=energy cLFV observables

C(//t) compute obs
A
m, «—— LFVZD
mT <«—— LFV 7 decays
m, «——— LFV p decays

QWG 2022 — September 27th 2022
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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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