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Introduction

* Lepton flavour violating (LFV) processes are forbidden in the SM with
massless neutrinos; even with neutrino mixing, b — sl* '~ (I # ') rates
are negligible (< 107°%) LO

[see eg Riv. Nuovo Cimento, Vol. 41 (2018) 71] b

* LFV b — sll’ transitions are allowed at leading order in many extensions
of the SM, mediated by heavy particles such as leptoquarks or Z’

[~ 't
* The same mediators could also account for tensions with the SM
observed in b = ctv, b = svv and b = su*u~ processes b > . > S
ZI
* Current experimental limits on b — sll’ branching fractions are already [~
close to the values allowed if such mediators are responsible for the
observed anomalies = Important to improve sensitivity 't

[see eg JHEP 1907 (2019) 168, PLB 848 (2024) 138411, PRD 92, 054013 (2015)]
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https://arxiv.org/abs/1709.00294
https://arxiv.org/abs/1903.11517
https://arxiv.org/abs/2309.02246
https://arxiv.org/abs/1504.07928

LHCb and Belle Il: environments and datasets

pp collider (LHCb) ete™ collider (B-factories)
*) Crowded event (O(100) tracks) C Clean event (~10 tracks @Y(4S))
© Compensated by high p + excellent vertex C Even cleaner with By, , reconstruction

separation = Large bkg suppression _ _ ,
_ . . = BB, cc production cross sections ~ 1 nb
< bb, cc production cross sections O(100) ub

LHCb: 1.1 X 102 bb pairs

- . . *xe —
Number of bb pairs in detector acceptance*: Belle+Belle II: 1.2 X 10° BE pairs

* Max number on which the measurements presented in next pages are based on. Trigger/sel efficiencies not included. More data have been collected and are being analysed.
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Search for B® —» K*%tte™ decays at LHCb

% LHCb-PAPER-2025-005

e 2016-2018 dataset @13 TeV, 5.4 fb-!

e K" K*'n, 7-3n(@")v,
K*%1%te™ and K*°t~e* measured separately

* Missing neutrino handled with constrained kinematic fit (mg;;)

e Control and normalisation channel: B® - D7[K*n n~|DJ[KtK ]

* Event selection:
* Multiple LO lines to compensate for low electron LO efficiency

*  Multivariate classifiers to suppress combinatorial bkg, partially-
reconstructed bkg and charmed mesons misidentified as tau's

* PID optimization

* D-meson vetoes to reduce physics backgrounds
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Search for B® —» K*%tte™ decays at LHCb

% LHCb-PAPER-2025-005

Main backgrounds: combinatorial and
b — clv decays

Main source of systematics: description of

background

No significant signal observed:

B? - K*0t—et

T

T | T T T T T T T T T

LHCb

3
S 10F -
> F 1 L 541fb" 3
> : | = i
- LT -
Q 1 s 4. =
Z & -
8 — =}
= - 2
= [ 1
E10E E
8+ — ]
O [l %)
10—2 R R A 0 I . T 1 ok > S A
3000 4000 5000 6000 7000

B(B'— K*77et) < 5.9 (7.1) x 1076
B(B’— K*7%e™) < 4.9 (5.9) x 107°

BO - K*0rte~

mg, [MeV/c?]

@90 (95)% CL

Efficlency maps provided for reinterpretation

of NP models

Most stringent limits to date on b — stl
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Data
B’— Kt e, v — nntn v, bremsstrahlung
B'— Kt e*, T — -t n'v,, bremsstrahlung
B’— Kt e*, T — n n* 7w v, no bremsstrahlung
B’ - Kt e, v — n n*w n°v,, no bremsstrahlung
Background

g

Total fit

Data

B'— Kt*e-, t* — n*n m*V,, bremsstrahlung

B'— K tte, 1t — v, bremsstrahlung
B’— K t*e-, 1t — m* 7 'V, no bremsstrahlung
B’— Kt*e, t* — n*n ' 2%V, no bremsstrahlung
Background

Total fit
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Search for B, —» ¢ttut decays at LHCb G s e 01107 2020

0.02

w1 F =

= 0.14F R s =

 Run1l + Run 2 datasets @7, 8, 13 TeV, 9 fb! = o LHCD simulation N :
121 —=— 377" —

g ,E — 37 PDF E

o 0 " F e 377° PDF ]

e ¢ K"K, 17— 3n(m”)v, < 0.08F =
B, » ¢t*ut measured together 0.06 - 3

0.04 =

* Missing neutrino handled with constrained kinematic fit (mg;;)

N | | |
* Normalisation channel: B} - ¥ (28)¢, v(2S) » J/Yy ntn™ E 350 e~ Daia
S 300 {;gﬁb — Total fit
. ~ 20/ 1 .. Background
* Event selection: % :
= 200
* Two multivariate classifiers to suppress combinatorial and partially- g 150
reconstructed backgrounds S
O 100
* Mass vetoes against charm background decays 50
1 1
5200 5300 5400 5500
My 256 [MeV]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072014

Search for B, —» ¢ttut decays at LHCb G s e 01107 2020

* Main residual backgrounds: combinatorial and partially-reconstructed b hadron decays, modeled by linear function
N Mgt

e Peaking background from B - DK*K~n* with m — u misID:

—— f)ata | . Tlotal ﬁt

= Yield estimated from B = D¢ ™ control samples (D° - K*r~, 14
D~ - K*n~m~, Dy - K*K~n~) and MC with inclusive D — 31X . ;iﬂb -- - Smooth bke. [l Dox’ bke.
37 signal  []377° signal

z E

> E

- -

— -

: : — 10 _

* Main sources of systematics: — -

0] 8 ]

e B2 - y(25)¢ branching faction % .

.= ]

e 7 decay model (it includes different b — sll" models) 5 0 .

S:s 4 —— =

2 N

* No significant signal observed: T g \ — -
! SR gg':\‘\}“m‘m 00

+ —5
B(BS — ¢T /.L:I:) < 10(1.1) x 10 m, [Mev]

@90 (95)% CL

* First ever limit on this channel.
Sensitivity competitive with B - K*°tu searches
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Search for B® - K*t%[* decays (I = e, u) at Belle |l

o By, fully reconstructed in hadronic modes using the Full Event Interpretation technique

e By, built from K*° - K*n~ + lepton (e/p)

* The 7 is not explicitly reconstructed:

D
JHEP 08, 184 (2025)
Belle I

Btag + K0l

* Require 1 additional track with charge opposite to the
lepton (not used to compute the tau mass) -
* Allow at most 2 extra tracks in the rest of the event (to Btag
cover T — 3-prong or misreconstructed By, ). Y(4S)
* The t mass (M;) is reconstructed using recoll against /

* Signal yield extracted from a fit to M;
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https://link.springer.com/article/10.1007/JHEP08(2025)184

Search for B® - K*t%[* decays (I = e, u) at Belle |l

e 711 fb! (Belle) + 365 fb-1 (Belle II)

* Byt
* kinematic cuts (AE, M) and hadronic FEl output Pgg; > 0.001
e  PB-tagging efficiency ~0.6%, Bq, purity ~45%
e  Pgg efficiency calibrated on data using B -» D™ n*t

e Mass vetoes to suppress B - J /Y K*°, B - Dlv and
B - DX,withD - K*°lvorD - Knn

* Dedicated BDTs to suppress backgrounds
* trained separately per mode and dataset
* using kinematics, vertex quality, event-shape, and rest-of-

event information

BDT cut efficiency calibration

e Use BY - D™D{ to emulate signal, with D - ¢t or K*K
as proxy for K*°l, and treat D~ as t (M; = Myocoi1)

* Measure the data/MC correction of the BDT cut efficiency
from fits to M,...,;; distribution
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also used to calibrate the signal M, PDF


https://link.springer.com/article/10.1007/JHEP08(2025)184

Search for B® - K*t%[* decays (I = e, u) at Belle |l

'y )
‘&) JHEP 08, 184 (2025) Belle Belle ||1

Belle I Lo BY s Krtes Belle preliminary [ £d¢=T11fb"! L B K7t es Belle I1 preliminary [ £dt = 365 b
. 3]

H
o o
AR

—

* Systematic uncertainties account for signal efficiency (BDT-
dominated) and for signal and background PDF parameterizations

Entries/0.050 GeV/c?
Entries/0.050 GeV/c?

* Signal extraction: simultaneous unbinned ML fit to the t recoll mass
in Belle and Belle Il data

* No significant signal observed:

Entries/0.050 GeV/c?
Entries/0.050 GeV/c?

B(B" - K*7Te¢™) < 2.9 x 107°
B(BY - K*'r7e™) < 6.4 x 107°
@90% CL

[and ) b2
I3 S b

—
=} 8] [
L B e e e e S

Entries/0.050 GeV/c?
Entries /0.050 GeV/c?

B(BY — K77 u~) <42 x 107°

B(BY — K7~ u™) < 5.6 x 107°
@90% CL

o [
T

M, [GeV/e?]

BY 5 K*0r—pt Belle IT preliminary [ £ df =365 b

* Efficiency maps provided for reinterpretation of NP models

Entries/0.050 GeV /c?
Entries/0.050 GeV/c?

e Best limits of these channels at ete™ B-factories
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Search for B — K" decays (I = e, u) at Belle Il

D
PRL 135, 041801 (2025)

e 711 fb! (Belle) + 365 fb-1 (Belle II)

ﬁ: | Belle+Belle Il preliminary ——Data
; - Simulation det=4x(711+365)fb —Global n
e By, built from K¢ » ntn~ + lepton (e/u) + T decay track S0 . 2:3%
. o | DD, - == Background
. 1 decay modes: e, u, m, nm®, covering >70% of 7 BF >
N i
« Signal yield extracted from M, reconstructed using recoil method § 200
. 1 track (+ 7°) required to suppress backgrounds - '
* Hadronic B,,, reconstruction with FEl as for B — K*°1l measurement 0 &

Mrecoll (GEVICZ)

« Mass vetoes to suppress B - K2 /1, B -» D™y and y conversion | Belle+Beloliprelminary :gfgzal o
2 100 | Data J‘Ldt=711+365fb'1 8 DD! -
. E :NDDS=3?T £38 e ga;)ngro?md
* BDT to suppress residual backgrounds o
” !
« 11 input features: m(KJ1), E(1), E(t,), ROE neutral energy, event-shape T 50
variables et ‘
 Use B® - D™D} to calibrate the BDT cut efficiency and the signal M, Pi_/
1.7

Matteo Rama Lepton flavour violating b>s | I' decays, CKM 2025 11


https://journals.aps.org/prl/abstract/10.1103/yzvh-v3hm

Search for B — K" decays (I = e, u) at Belle Il

D
: . L : &> PRL 135, 041801 (2025)
* Main systematic uncertainties arise from the BDT

selection and the signal PDF parameterisation

B%— th"p' B°— th'p"
312 | Belle+Belle Il preliminary —— Data 3}12 | Belle+Belle Il preliminary —— Data
. . . . . 210_— Ldt = 711+365 fb" —g_'Obal' fit 210 | Ldt=711+365 fo" _§-|Oba|| fit
* Signal extraction: unbinned ML fit to the t recoil mass S g f Mo=-18:30 o beround S | M=26:35 - Bavkground
. o °f o gl
in Belle and Belle Il data. s ol Fa
2 4 2 °f |
c 4/ c |
* No significant signal observed: ol __ 2 R
;.‘.|.‘.|.‘.|.‘."-?'i.‘.|...|...|‘ 0‘..|H..|‘.Llh.q-"{;"»-..iu..|...H‘
0 0 _+ 5 1 1.2 14 16 18 2 2. 2.4 1 1.2 14 16 18 2 22 24
_ — o2 2
B(B" — Kgrte ) < 1.5 x 10 Y, Meevi ey
s s
0 0 — 5 315 | Belle+Belle Il preliminary —— Data _ ?::’16 L Belle+Belle Il preliminary —— Data |
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B(BY - Kt~ ") <3.6x107°

Events pe
o N B~ OO 0
Fi
A
[
i ;j—
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I
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Events

_____________

_E 1 | 1 1 | 1 1 | 1 1 1 1 1 | _2 : | 1 1 | | 1 1 | | 1 1 | | 1 :"'a"i’ | 1 1 | | 1 1 | 1 1 1 | |
@90% CL 1 12 14 16 18 2 22 24 1 12 14 16 18 2 22 24
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e First limits on b —» K21l, with better sensitivity than b - K*97l on the same Belle+Belle Il dataset
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Experimental overview of b — sll’ semileptonic decays

Datasets:
Belle: 711 fb'%; Belle II: 365 fbl; LHCb: Run 1 + Run 2 except for B — K*pue (Run 1) and B® - K*%te (Run 2)
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Experimental overview of b — sll’ semileptonic decays

UL at the 90% CL

Datasets:
Belle: 711 fb'%; Belle II: 365 fbl; LHCb: Run 1 + Run 2 except for B — K*pue (Run 1) and B® - K*%te (Run 2)
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Experimental overview of b — sll’ semileptonic decays

Datasets:
Belle: 711 fb'}; Belle II: 365 fbl; LHCb: Run 1 + Run 2 except for BY — K*pue (Run 1) and B® - K*%te (Run 2)

UL at the 90% CL
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Rule of thumb for experimental sensitivity degradation from b — sue tob — stl:

Belle: 300 — 400
LHCb: (1.0 — 1.5) x 103
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Experimental overview of B — [l leptonic decays

Datasets:
. Belle: 78 fb1 (B® — eu), 711 fb'l (B® — 1l),
a W0 E 121 fb't @Y(5S) (BY - tl)
-2 — m LHCDb LHCb: Run 1
o _3 ¥
®» 10" CDF b
{O —
= — ¥ Belle
“ 107 E- ® Babar
= —
= CLEO " e
10° =
10° =
— v
10 = =
o
10 = .
10 = =
10 B | | | | |

B’>en Bi—ep B'stp Bt B'ste  Biote

ue U TE
Rule of thumb for experimental sensitivity degradation from B — ue to B — tl:

Belle: similar to b — sue vs b — stl scaling
LHCb: ~ 1 x 10*
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Expectations

Conservative™* estimates of UL improvements relative to LHCb (Run 1 + Run 2) and Belle+Belle Il (711+365 fb)

2026 2034 2042
ﬁlgcb
25 fbl x 1.7 50fb1l x 2.5 300 fbl, X 6.2
Upgrade 1/2
D>
/O 1ab?! x1.3 10 ab?, X 3.2 50 ab?, X 6.9

Belle IT

Upper limits assumed to scale with 1/ [ [ Ldt 2040 UL(B _ K(*)e,u) - afew X 1010

** |gnored possible improvements. Examples: —l UL(B N K(*)Tl) < 10-°
Better detector performance
Increase of trigger efficiency (LHCb) UL(B - ell) < 10710
Extended B,,, reconstruction (Belle Il) UL(B » 1l) < 10~°

Enhanced analysis techniques

Matteo Rama Lepton flavour violating b>s | I' decays, CKM 2025 17



Expectations

Conservative™* estimates of UL improvements relative to LHCb (Run 1 + Run 2) and Belle+Belle Il (711+365 fb)

2026 2034 2042
ﬁlgcb
25fbl x 1.7 50 fbl x 2.5 300 fbl, X 6.2
Upgrade 1/2
>
/O 1ab?! x1.3 10 ab?, X 3.2 50 ab?, X 6.9

Belle IT

CNS, /1| war: iy . ,
Upper limits assumq ATLAS Z Will CMS and ATLAS be competitive players in the HL era?

—10
EXFERIMENT Difficult to make clear statements < 10

** |gnored possible

No b — sll' measurements available for extrapolation so far
Better detector

Dimuon trigger allowed very competitive B — uu measurement in Run 2,

Increase of trig . .
but estimates for b — sll’ are not yet available

Extended By,
Techniques such as b-parking are already in place, but unlikely to reach

LHCb dataset size

Enhanced analy
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Summary

* In the quest for physics beyond the SM, the search of b — (s,d)ll’ decays is one of the paths to explore

* The experimental picture is currently driven by LHCb and Belle+Belle I, with best upper limits 10728 for
b — seu and of 5 x 107° for b — stl

* Additional data already collected or expected next year can lower the best existing limits by almost a
factor of 2

* Upgrade programs under discussion at CERN and KEK allow an order of magnitude increase in
sensitivity in 15 years
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BACKUP

Matteo Rama Lepton flavour violating b>s | I' decays, CKM 2025 20



LHCb upgrades timeline

Run 1 Run 2 Run 3 Run 4 Run 5
— 16
N.m - - - o < e e 0o 0o o ' 350"
: Z 3 3 % o
o - 300
o 12 o2
— — actual i 250 4
= 10 — e eXpected ’ / g
E‘ 8 =1 m 11 m expected with improved LHC optics at Run 5 g 200 &£
n < -
(o) R/ e
E 6 \/ 150 8
5 4 F 4 100 5
ﬁ /u/ 8
g I 50 gz
) e 0
2010 2015 2020 2025 2030 2035 2040
Year
Run 1 Run 2 Run 3 Run 4 Run 5

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

including Run 1
including Run Plot from V. Gligorov, EPS 2025
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Schematic of B® - K*%re decay at LHCb

tau
‘/-\)vertex

y 4

Matteo Rama Lepton flavour violating b>s | I' decays, CKM 2025 23



	Diapositiva 1: Lepton flavour violating b tende a s l alla più , l primo alla , meno termina apice decays
	Diapositiva 2: Introduction
	Diapositiva 3: LHCb and Belle II: environments and datasets
	Diapositiva 4: Search for maiuscola B alla 0 tende a maiuscola K alla , operatore asterisco 0 termina apice , tau alla più o meno , e alla meno o più  decays at LHCb
	Diapositiva 5: Search for maiuscola B alla 0 tende a maiuscola K alla , operatore asterisco 0 termina apice , tau alla più o meno , e alla meno o più  decays at LHCb
	Diapositiva 6: Search for maiuscola B pedice s tende a phi tau alla più o meno , mi alla meno o più  decays at LHCb
	Diapositiva 7: Search for maiuscola B pedice s tende a phi tau alla più o meno , mi alla meno o più  decays at LHCb
	Diapositiva 8: Search for maiuscola B alla 0 tende a maiuscola K alla , operatore asterisco 0 termina apice , tau alla più o meno , l alla meno o più  decays (l uguale a e ,mi ) at Belle II
	Diapositiva 9: Search for maiuscola B alla 0 tende a maiuscola K alla , operatore asterisco 0 termina apice , tau alla più o meno , l alla meno o più  decays (l uguale a e ,mi ) at Belle II
	Diapositiva 10: Search for maiuscola B alla 0 tende a maiuscola K alla , operatore asterisco 0 termina apice , tau alla più o meno , l alla meno o più  decays (l uguale a e ,mi ) at Belle II
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13: Experimental overview of b tende a s l l primo  semileptonic decays
	Diapositiva 14: Experimental overview of b tende a s l l primo  semileptonic decays
	Diapositiva 15: Experimental overview of b tende a s l l primo  semileptonic decays
	Diapositiva 16: Experimental overview of maiuscola B tende a l l primo  leptonic decays
	Diapositiva 17: Expectations
	Diapositiva 18: Expectations
	Diapositiva 19: Summary
	Diapositiva 20
	Diapositiva 21: LHCb upgrades timeline
	Diapositiva 22: Belle II timeline
	Diapositiva 23: Schematic of maiuscola B alla 0 tende a maiuscola K alla , operatore asterisco 0 termina apice , tau e  decay at LHCb

