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Experiments measuring LEV
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- Lepton Flavor Violation (LFV) in Standard Model Extensions: 4 — ey (leptons only)

. Hadronic processes: V — Py (p = my), de-excitations: V= Vy > V ll.Jr l]-_

. Previous hadronic transitions involving b — s transitions: B ;5 = K45 [ L~ 1]

- Hadronic de-excitations with no changing in quark content (not studied vet).

[1] arXiv:2303.07521, arXiv:2312.05071



Hadronic de-excitation and LFV

Hadronic de-excitation Lepton Flavor Violation (LFV)

(same initial and final guarks) Not allowed in the SM



LFV: Effective Theory with dim-5 and dim-7 operators
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Wilson Coefficients

Coefficient Constraint

3.1 x 1074 GeV™!

1.1 x 10710 GeV ™3

Indirect upper limitson ; = [, yy from [, = [, y

F. Fortuna, A. Ibarra, X. Marcano, M. Marin, and P. Roig,, Phys. Rev. D 107, 015027 (2023), arXiv:2210.05703



Vi— Voye

dim-5 dim-7 (EM and Dual EM) dim-7/

In addition to light quarks, we Vi Y(25), w(25), p’ P’ n.(25), n,(25)

integrate Quarkonia (bb, cC): V:Y(1S), w(lS), p P:n.(15), n,(15), =




Decay V' — V ue, dim-5 operator
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Decay V' — Ve, dim-7 operator

Fffective Vector-Vector-Pseudoscalar coupling:
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Decay P — Pue, dim-7 operator
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are multiplied by p - g to be dimensionally consistent with f,

fF
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dl’

Differential decay rate with respect to the invariant dilepton mass m?, = (I, + b,)*
dm12
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Differential decay rate
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Differential decay rate
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Differential decay rate

dI’

dm12

with respect to the invariant dilepton mass m?, = ({,

EM tensors
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summary: Branching Ratios

Operator BR(Y(2S) — Y(1S5)ue)
Dim-5 dipolar  [3.9 — 20.9] x 103!
Dim-7 EM 1.6 x 1072°

[ B e BRGS0

Ref. [14] EFT model| < 3 x 1072 <2x 10
Ref.[14] ISS <9x107% <2x107"

Dim7Dual EM _ 50x 1077 Ref. [24] new Z’ 39x 107 | <18x10716

Operator BR(¢(2S) — J/vue)
Dim-5 dipolar  [3.2 — 25.0] x 10~°*

Ref. [25] MRSSM ~ 10724 ~ 107%°

[BRe - p|ERaEs

Ref. [24] new Z’ 1 x 1071 <2.0x1071°
Ref. [25] MRSSM ~107%° ~ 107%°

Dim-7 EM 2.1 x 107%7
Dim-7 Dual EM 4.1 x 10731

Operator BR(p" — pue)
Dim-5 dipolar  [1.7 — 77.8] x 107 °°
Dim-7 EM 1.7 x 10732
Dim-7 Dual EM 4.4 x 107°

Similar results by comparing between V' — V ue (our results) and Vector Meson LFV annihilation processes V — e



summary: Branching Ratios

P’"— Pue B———————————————
Indirect upper limits on BR

O t Str. t.
perator I. COns T/ — b~ Ne — 0f' Xco(1P) — ¢¢/

CSEE.,  u e Au  [15-14] x1072  [2.0-1.9] x1072  [3.4-3.2] x 10719

Operator BR(75(25) — n5(15)pe) CoBL.,  p—e Au  [15-14] x1072  [2.0-1.9] x1072  [3.4-3.2] x 10719

Dim-7 EM 7.7 x 10729 CSRE T ey  [L7-0.003] x10~1° [6.8-0.01] x10~? [1.5- 0.003] x 10”7

ColL. ey  [2.0-0.09 x1071°  [9.2-0.4] x107°  [1.3-0.08] x 10”7

Operator BR(7:(2S) — n.(15)ue)
Dim-7 EM 4.7 x 107

Ol Ty [2.2-0.004] x 10710 [8.7-0.02] x 1070 [1.9 - 0.003] x 107
ColL . Ty [26-01] x10710  [1.2-0.05] x1078  [1.7-0.1] x 1077

(b) Scalar operators. We find similar limits for ¢ (2S) — £¢'~, about a factor of 4 (2) stronger for the
pe (7€) channels. See text for details on how the indirect upper limits have been estimated.

[22] L. Calibbi, T. Li, X. Marcano, and M. A. Schmidt, Phys. Rev. D 106, 115039 (2022), arXiv:220710913
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Conclusions

Possibility to distinguish the energy behavior between dim-5 and dim-7.

For the dim-5 operator, dominant contribution comes from the dipolar magnetic interaction, with 2 orders of magnitude
apbove the quadrupolar electric interaction.

For the dim-7 operator, EM part is one order of magnitude greater than the dual EM part, opposite to previous results

obtained with nuclei interactions.
(arXiv:2305.04974, Fabiola Fortuna, Xabier Marcano, Marcela Martin and Pablo Roig)

Although guarkonia improves BR's (because of smaller decay widths), results are still very suppressed, regardless of quark
content.

Similar branching ratios from direct LFV decays of quarkonio

Finding any evidence of LFV de-excitation at larger BRs would imply the existence of a new LFV mechanism not captured
by our effective approach

Dilepton invariant mass may be useful to distinguish our effective model from nuclei models.
20
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Coupling values

Coupling | Value W

9p' mv 0.003
9o 0.206

9(28)n.(18)~ —0.044

9J/v n.(18)y 0.2064
9J/v ne(28)~ —0.007
Y (28)ny (1S)~ 0.005
gY (15)m (19)~ —0.043
gr(15)n,(25)y 0.002

Some values are obtained using VMD effective theory, while others are taken from M. Ridwan arXiv:240913172 and M. Li arXiv:1803.11519
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Bottomonia (bb)

Charmonia (cc)

/1

p

/

P
Y(2S)
Y(1S)
Np(LS)
P(2S)

P(1S) = J/¥Y
n.(28)
n.(15)

Quarkonia

IG (JPC)
1= (0™)
1+ (1)
1+ (17)

0~ (1)
0~ (1)
0t (0~
0~ (1)
0~ (1)
0t (0~
0 (0~

I’
~ ()
149.1 MeV
400 MeV
31.98 KeV
54.02 KeV
10 MeV
299 KeV

92.9 KeV

11.3 MeV

32 MeV

24






