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Motivation
• The flavour changing neutral current processes,  

, are forbidden at tree level in SM 
and only occurs via loop diagrams, .


• The recent LHCb measurements of  and  are 
 away from the SM predictions.


• The new physics models (like PS ) able to fit these 
anomalies and explain lepton flavour universality as a 
low-energy symmetry that breaks at high energy scale.


• PS  model involves TeV-scale (light) leptoquark which 
couples only to 3  generation.


• PS  model predicts  to be  
100 times higher than the SM prediction.
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We search for the rare flavor-changing neutral current process Bþ → Kþτþτ− using data from the
BABAR experiment. The data sample, collected at the center-of-mass energy of the ϒð4SÞ resonance,
corresponds to a total integrated luminosity of 424 fb−1 and to 471 × 106 BB̄ pairs. We reconstruct one B
meson, produced in the ϒð4SÞ → BþB− decay, in one of many hadronic decay modes and search for
activity compatible with a Bþ → Kþτþτ− decay in the rest of the event. Each τ lepton is required to decay
leptonically into an electron or muon and neutrinos. Comparing the expected number of background events
with the data sample after applying the selection criteria, we do not find evidence for a signal. The resulting
upper limit, at the 90% confidence level, is BðBþ → Kþτþτ−Þ < 2.25 × 10−3.
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The flavor-changing neutral current process Bþ → Kþ

τþτ− [1] is highly suppressed in the standard model (SM),
with a predicted branching fraction in the range 1–2 × 10−7

[2,3]. This decay is forbidden at tree level and only occurs,
at lowest order, via one-loop diagrams. The SM contribu-
tions, shown in Fig. 1, include the electromagnetic penguin,
the Z penguin, and the WþW− box diagrams. Rare semi-
leptonic B decays such as Bþ → Kþτþτ− can provide a
stringent test of the SM and a fertile ground for new physics
searches. Virtual particles can enter in the loop and thus
allow us to probe, at relatively low energies, new physics at
large mass scales. Measurements of the related decays
Bþ → Kþlþl−, where l ¼ e or μ, have been previously
published by BABAR [4] and other experiments [5–8], and
exhibit some discrepancy with the SM expectation [9].
The decay Bþ → Kþτþτ− is the third family equivalent

of Bþ → Kþlþl− and hence may provide additional
sensitivity to new physics due to third-generation couplings
and the large mass of the τ lepton [10]. An important
potential contribution to this decay is from neutral Higgs
boson couplings, where the lepton-lepton-Higgs vertices
are proportional to the mass squared of the lepton [11].
Thus, in the case of the τ, such contributions can be
significant and could alter the total decay rate. Additional
sources of new physics and their effect on the Bþ →
Kþτþτ− branching fraction and the kinematic distributions
of the τþτ− pair are also discussed in Refs. [12–24]. These
new physics scenarios do not necessarily have the same
impact on the Bþ → Kþ ψð2SÞ, ψð2SÞ → τþτ− decay, and
thus the latter will only be considered if a visible signal is
present.
We report herein a search for Bþ → Kþτþτ− with data

recorded by the BABAR detector [25] at the eþe− PEP-II
collider at the SLAC National Accelerator Laboratory. This
search is based on 424 fb−1 of data [26] collected at the
center-of-mass (c.m.) energy of the ϒð4SÞ resonance,
where ϒð4SÞ decays into a BB̄ pair. We use hadronic B
meson tagging techniques, where one of the two Bmesons,
referred to as the Btag, is reconstructed exclusively via its
decay into one of several hadronic decay modes. The
remaining tracks, clusters, and missing energy in the event

are attributed to the signal B, denoted as Bsig, on which the
search for Bþ → Kþτþτ− is performed. We consider only
leptonic decays of the τ∶τþ → eþνeν̄τ and τþ → μþνμν̄τ,
which results in three signal decay topologies with a
charged K, multiple missing neutrinos, and either eþe−,
μþμ−, or eþμ− in the final state. The neutrinos are
accounted for as missing energy in any signal event where
a charged kaon and lepton pair are identified and extra
neutral activity, including π0 candidates, is excluded.
Simulated Monte Carlo (MC) signal and background

events, generated with EvtGen [27], are used to develop
signal selection criteria and to study potential backgrounds.
The detector response is simulated using GEANT4 [28].
Signal MC events are generated as ϒð4SÞ → BþB−, where
one B decays according to its measured SM branching
fractions [29] and the other B decays via Bþ → Kþτþτ−

according to the model described in Ref. [30]. Within this
model, a light-cone sum rule approach, referred to as LCSR
is used to determine the form factors that enter into the
parametrization of the matrix elements describing this
decay. Signal events are also reweighted to a model based
on the unquenched lattice QCD calculations of the B →
Klþl− form factors [2] for the determination of the signal
efficiency, and the two theoretical approaches are then
compared to evaluate the model dependence of our meas-
urement. Because of the low efficiency of the hadronic Btag
reconstruction, “dedicated” signal MC samples are also
generated for this analysis, where one B decays exclusively
through B% → D0π%, D0 → K−πþ while the other B
meson decays via the signal channel. This ensures that
more events pass the hadronic Btag reconstruction and
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FIG. 1. Lowest order SM Feynman diagrams of b → s lþl−.
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decay modes, a total shift on RK is computed for each of the vari-
ables examined. The resulting variations are typically at the permille 
level and hence well within the estimated systematic uncertainty on 
RK. Similarly, computations of the rJ/ψ ratio in bins of two kinematic 
variables also do not show any trend and are consistent with the 
systematic uncertainties assigned on the RK measurement.

In addition to B+ → J/ψK+ decays, clear signals are observed from 
B+ → ψ(2S)K+ decays. The double ratio of branching fractions, Rψ(2S), 
defined by

R

ψ(2S)

= B (B+→ψ(2S)(→μ

+
μ

−)K+)
B (B+→J/ψ(→μ

+
μ

−)K+)
/

B (B+→ψ(2S)(→e

+
e

−)K+)
B (B+→J/ψ(→e

+
e

−)K+)
,

(3)

provides an independent validation of the double-ratio analysis 
procedure and further tests the control of the efficiencies. This 
double ratio is expected to be close to unity2 and is determined to 
be 0.997 ± 0.011, where the uncertainty includes both statistical 
and systematic effects, the former of which dominates. This can be 
interpreted as a world-leading test of lepton flavour universality in 
ψ(2S) → ℓ+ℓ− decays.

The fit projections for the m(K+ℓ+ℓ−) and mJ/Ψ(K+ℓ+ℓ−) distribu-
tions are shown in Fig. 2. The fit is of good quality, and the value of 
RK is measured to be

R

K

(1.1 < q

2

< 6.0GeV

2

c

−4) = 0.846

+0.042+0.013

−0.039−0.012

,

where the first uncertainty is statistical and the second systematic. 
Combining the uncertainties gives 

R

K

= 0.846

+ 0.044

− 0.041

. This is the 
most precise measurement to date and is consistent with the SM 
expectation, 1.00 ± 0.01 (refs. 3–7), at the level of 0.10% (3.1 standard 
deviations), giving evidence for the violation of lepton universality 
in these decays. The value of RK is found to be consistent in sub-
sets of the data divided on the basis of data-taking period, differ-
ent selection categories and magnet polarity (Methods). The profile 
likelihood is given in Methods. A comparison with previous mea-
surements is shown in Fig. 4.

The 3,850 ± 70 B+ → K+μ+μ− decay candidates that are observed 
are used to compute the B+ → K+μ+μ− branching fraction as a 
function of q2. The results are consistent between the different 
data-taking periods and with previous LHCb measurements37. 
The B+ → K+e+e− branching fraction is determined by combining 
the value of RK with the value of dB (B+

→ K

+
μ

+
μ

−)/dq2 in the 
region 1.1 < q2 < 6.0 GeV2 c−4 (ref. 37), taking into account correlated 
systematic uncertainties. This gives

dB (B+→K

+
e

+
e

−)
dq

2

(1.1 < q

2

< 6.0GeV

2

c

−4)

= (28.6 + 1.5

− 1.4

± 1.3)× 10

−9

c

4

GeV

−2

.

The 1.9% uncertainty on the B+ → J/ψK+ branching fraction2  
gives rise to the dominant systematic uncertainty. This is the most 
precise measurement of this quantity to date and, given the large 
(O(10%)) theoretical uncertainty on the predictions7,66, is consis-
tent with the SM.

A breaking of lepton universality would require an extension of 
the gauge structure of the SM that gives rise to the known funda-
mental forces. It would therefore constitute a significant evolution 
in our understanding and would challenge an inference based on 
a wealth of experimental data in other processes. Confirmation of 
any effect beyond the SM will clearly require independent evidence 
from a wide range of sources.

Measurements of other RH observables with the full LHCb data-
set will provide further information on the quark-level processes 
measured. In addition to affecting the decay rates, new physics can 
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What do we still hope to learn from b →  s(d)ll decays

G. Isidori –  bsll decays: what we learned & what we still hope to learn                  FPCP 2020 – June 2020

Since a high-energy discovery is not guaranteed in the short term → key role still
played by low-energy observables [ with prominent role of b →  s(d)ll' ]:  

E.g.: correlations among b →  s(d)ll' within the U(2)-based EFT

[Nat. Phys. 18, 277–282 (2022)]

[Gino Isidor's talk at FPCP 2020]

https://www.nature.com/articles/s41567-021-01478-8
https://indico.cern.ch/event/838862/contributions/3609645/attachments/2052448/3440917/FCPC_bsll.pdf


Earlier searches of  B+ → K+τ+τ−
• BaBar provided the first and only search for this decay with BaBar’s full  

 (on-resonance) data set, .


• BaBar considered only leptonic  decays:  and  . 
Signal efficiency 


• No significant signal was observed and the upper limit on  was 
determined to be  at 90% C.L. [PhysRevLett.118.031802]


• There was an attempt to search in Belle data ( ) using hadronic full reconstruction 
estimating a sensitivity of  at 90% C.L. [Belle Note- 1394]


• Belle considered also hadronic  decays: , , and . 
Signal efficiency 


•  Goal: To measure  using hadronic FEI with the full data set of  
 Belle (by Vidya & Karim) and LS1 data set ( ) of Belle II.

Υ(4S) 424 fb−1

τ τ− → e−ν̄eντ τ− → μ−ν̄μντ
= 4.5 × 10−5

ℬ(B+ → K+τ+τ−)
2.25 × 10−3

711 fb−1

ℬ(B+ → K+τ+τ−) < 3.17 × 10−3

τ τ− → e−ν̄eντ τ− → μ−ν̄μντ τ− → π−ντ
= 2.7 × 10−5

ℬ(B+ → K+τ+τ−)
364 fb−1

3

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802


Analysis workflow
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Reconstruction: start MC 
studies with pre-selection of 

B+ → K+τ+τ−
Background studies: 

continuum suppression 
and potential 

background sources Optimise selection: identify 
selection that maximises 

signal to background ratio
Signal extraction


or

upper limitSystematics: assess the 

relevant contribution to 
systematic uncertainties



Analysis overview
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• Main challenge:  reconstruction as it decays into undetected 
neutrinos. 


• Fully reconstruct one  meson in a hadronic decay ( ). 
 Putting kinematic constraint from beam energy, we can infer the  
 kinematic properties of .


• Obtain typically high signal purity but quite  
low  efficiency; limited by sample size. 


• We consider only three 1-prong tau decay modes which give  
 9 signal decay topologies with  neutrinos in the final states. 


• This analysis is dominated by backgrounds, mainly by 
  modes in  samples.


τ

B Btag

τ

( ∼ 1%)

2 − 4

B+ → D̄0l+νl (D̄0 → K+l−ν̄l) B+B−

Mode Branching  
fraction
17.82%

17.39%

10.82%

Total 46.03%

τ− → e−ν̄eντ

τ− → μ− ν̄μντ

τ− → π−ντ

K+e+e− K+e+μ−

K+μ+e− K+μ+μ−

K+e+π−

K+π+e− K+π+π−

K+μ+π−

K+π+μ−

4 neutrinos 3 neutrinos 2 neutrinos

Mode Branching  
fraction

85.58%

14.20%

τ− → 1 − prong

τ− → 3 − prong



Analysis procedure
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• Reconstruct  with only hadronic decays using FEI.


• Attribute all other reconstructed particles to the  
 signal  meson ( ). 


• Reconstruct  by combining  and oppositely charged 
 pair combinations of   (eg: , ,…). 


• For signal, there should not be any  in the rest of 
 event of : apply  veto


• Signal extraction: narrow peak at zero in the distribution 
 of the energy of all ECL depositions not used in the 
 reconstruction of  and  candidates.


Btag

B Bsig

Bsig K
e, μ, π K+e+π− K+μ+e−

π0

Btag π0

Bsig Btag

0 0.5 1 1.5 2 2.5 3
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En
tri
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/ 0

.0
6 

G
eV -1 L dt = 400 fb∫  1000×signal 

uds
ccbar
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charged

Belle II simulation

signal MC: expected no. 
from PDG UL

e−

D0

π+

K−

e+Υ(4S)

B−

π−

B+ K+

τ+τ−

e+ν̄μ νe

ν̄τ

ντ

μ−

hadronic 
tag side

signal 
side



Sample
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GenericMC (for background):
• Generated events: MC15rib ( )ℒ = 400 fb−1

SignalMC ( ):B+ → K+τ+τ−

• Generated  million events

• Generator model: BTOSLLBALL


•  decays generically.* 

• Global tag: mc_production_MC15ri_a

• Beam-background: early phase III (release-06-00-05), BGx1

50

τ

• release-06-00-03

e− e+Υ(4S)

B−

B+ K+

τ+τ−

ge
ne
ric

gene
ric

* In future we will generate  
   only our specific  decay modes.τ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.074024


Selections
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Reconstruct hadronic  using FEI:Btag

• Database prefix used for all weight files -  
‘FEIv4_2022_MC15_light-2205-abys’


• 


• 


• FEI signal probability 


• Two most probable  candidates 
 are accepted.


• In the rest of event (ROE) of , only  
3 tracks should remain to reconstruct .

Mbc > 5.27 GeV/c2

|ΔE | < 0.1 GeV

> 0.001

Btag

Btag
Bsig

Continuum suppression:

• event sphericity 


•  
 : angle between 
thrust axis of  and  
thrust axis of its ROE

> 0.2

cos(θTB,TROE
) < 0.9

θTB,TROE

Btag

 should be 
reconstructed 
properly

Btag

q

q̄

B B̄

• To start the analysis we use similar selections as of the Belle analysis. 

• The final selections will be optimized in future.



Selections
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Tracks ( ) selections to reconstruct :e, μ, K, π Bsig

• transverse distance from IP,  cm


• distance in beam direction from IP,  cm


• polar angle is with in CDC acceptance 
 (thetaInCDCAcceptance)

dr < 0.5

|dz | < 2

=

• Kaon binary PID, 


• Electron PID, 


• Muon PID, 


• Pion binary PID, 

ℒ(K/π) > 0.6
ℒ(e) > 0.9

ℒ(μ) > 0.9

ℒ(π/K) > 0.6

Tracks should be originated near interaction point (IP) Particle ID selections

similar selections as 
of the Belle analysis

• analysis_tools_light-2205-abys
Global tag:



Selections
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=

similar selections as 
of the Belle analysis

Cluster selections to reconstruct  from  in the ROE of π0 2γ Υ(4S)

• clusterNHits 


•  (forward) 
  (barrel) 
  (backward)

> 1.5
E > 0.080 GeV
E > 0.030 GeV
E > 0.060 GeV

recommended 
by neutral group

Remove clusters’ energy depositions from  
beam-backgrounds, hadronic split-offs, etc.

• Cut on ROE : 

• Select one  per event that has the nearest 
 invariant mass to the PDG mass. 

π0 120 < M < 150 MeV/c2

π0

Mass window of  in ROE:π0

•distance between ECl cluster and nearest track 
 hitting the ECL, minC2TDist  cm


•  ns


• 

> 20
|cluster time | < 200

|
cluster time

cluster error timing
| < 2.0

Best candidate selection
• Select  candidate with the highest  
 FEI signal probability.


• Pick one candidate at random  
 if there still exists multiple events.

Btag
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similar selections as 
of the Belle analysis

•  is not expected in the 
rest of event of  


•  veto: remove

π0

Υ(4S)
π0

0.131 < Mπ0 < 0.139 GeV/c2

• Residual energy of ECL 
clusters which are neither 
used in  or  
reconstructions should 
ideally be zero for the signal


• Cut: 

Btag Bsig

EECL < 1.5 GeV

• Beam constrained squared 
mass of  pair  is 
calculated by 

 
where  is the four momenta


•  will remove 
 contributions

τ (q2)

q2 = (pbeam − pBtag
− pK)2

pi

q2 > 12 GeV2/c4

J/ψ → ℓ+ℓ−
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Cuts Loss in signal (TM) Loss in signal Loss in background

12.09% 37.64%* 65.15%

0.91% 7.66% 33.07%

0.14% 0.13% 14.99%
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q2 ≡ (pΥ(4S) − pBtag
− pK)2Cut-flow table

Remove 0.131 < Mπ0 < 0.139 GeV/c2

q2 > 12 GeV2/c4

Extra ECL energy < 1.5 GeV

Belle II simulation

signal MC: expected no. 
from PDG UL

Belle II simulation

signal MC: expected no. 
from PDG UL

Belle II simulation

signal MC: 
expected no. 
from PDG UL

#TM: truth matched

similar selections as 
of the Belle analysis

* SignalMC is generated with generic  decays where  τ ℬ(τ− → π+π0ντ) = 25.49 %



Signal efficiency
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• With some additional selections:


• Extra ECL energy 


•  (  meson veto)


• Momentum,  (remove  that  
are directly decaying from  mesons,  
where )

< 0.2 GeV
1.8 < M(K+ℓ−) < 1.9 GeV/c2 D

pℓ+ < 1.5 GeV/c ℓ
B

ℓ ∈ {e, μ, π}
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• signal efficiency (TM) 


• signal efficiency

= 2.78 × 10−4

= 5.00 × 10−4
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of the Belle analysis

* signal efficiency will increase when we will 
generate SignalMC with our specific  channels τ



Control channel: B+ → J/ψ K+
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• Control sample with same or equivalent final states: 
verification of efficiency, data-MC agreement check, 
validation of the BDT training, etc.


• In the final state, it must have three tracks:  and 
oppositely charged pair combinations of .


• Look at  decays using hadronic tagging  
where 


• Reconstruct with same selections as in case of 
, except the invariant mass of  

leptons pair cut:  


• After  veto, extra ECL energy , 
and scaling with FEI correction (0.65) on MC, number  
of TM signal events in MC ( ) is .

K
e, μ, π

B+ → J/ψ K+

J/ψ → ℓ+ℓ− (ℓ = e, μ)

B+ → K+τ+τ−

2.90 < M(ℓ+ℓ−) < 3.15 Gev/c2

π0 < 1.5 GeV

ℒ = 364.35 fb−1 129
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signal MC: 
B+ → J/ψK+

∫ ℒdt = 364.35 fb−1



: data/MC comparisonB+ → J/ψ K+
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data and MC among some 
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Summary
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• Started working on   to do a combined Belle + Belle II analysis.


• Reconstructed  using hadronic tagging and get a rough 
estimation of the signal efficiency.


• Studied the control sample, , and found it has small expected 
number of events in .

B+ → K+τ+τ−

B+ → K+τ+τ−

B+ → J/ψ K+

ℒ = 364.35 fb−1

Future work
• For larger statistics, move to other control samples like , ,  

or aggregation of  samples with different  decay modes.


• BDT inputs: search for variables that have large signal-background separation power.


• Study data/MC agreement of these variables in control sample.

B+ → D̄0ρ+ B+ → D̄0ℓ+νℓ
B+ → J/ψ K+ Btag

Thank you


