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Disclaimer

Too many interesting results to fit in this talk!
I will try to give an overview of the diversityof flavourresults, focusing on a totally 

biased choice of recent measurements.
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NP searches with leptons

Flavourchanging neutral currents

e.gΥ ǎ Ҧ Ř˄Σ˄ ō Ҧ ǎҚҚ

ÅLoop-level in SM, suppressed by 
GIM mechanism

ÅRare decays, BR ~ 10-6ς10-11

ÅNeed to control theory errors
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Tests of lepton flavor universality

ÅRatios of BR with ̱/µ, µ/e, /̱e 
in final state

ÅCan be tree-level or loop-level 
transition

ÅAlmost free from theory 
uncertainties since lepton 
flavouris conserved in SM

Forbidden decays

ÅLepton flavourviolating

ÅLepton number violating

ÅBaryon number violating

ÅForbidden or very suppressed 
in SM,  BR~O(10-54)

ÅObservation is a clear sign of NP

Қ+,˄

Қ-,ς˄

ς

Can do these searches in different flavoursectors: strange, charm, beauty, tau, muon
Correlations between observables depends on NP type!



The main players

Babar at SLAC
2000-2008

Belle at KEK
2000-2010

BESIII at BEPC
2009-Χ

KOTO at JPARC
2015-Χ

Belle II at KEK
2019-ΧNA62 at CERN

2015-Χ

4

+ nEDM, g-2,
µҦŜΣ Χ 



Interplay with LHC flavourphysics
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LHC Non-LHC

Large background (pp) Clean environment (e+e-)

Large cross section (̀bb=284ub at LHCb) Small cross section (̀bb=1.1nb at B factories)

Poor tagging and neutral efficiency High tagging and neutral efficiency

No hermeticity (LHCb) Hermeticity

All species of b-hadron produced Mainly B0 and B±

Complex triggers Efficient and simple triggers

Initial state not well known Constraints on kinematics

ÅTo be very simplistic, LHC experiments are usually better on muonic final states, and heavy b-hadrons (BsΣ ɽbΣΧύ

ÅNon-LHC experiments are better for final states with missing energy, electrons and neutrals  

ÅThere are many exceptions: e.g. Ҧ Yϝee by LHCb, BsҦ ɹ ŀɹǘ .ŜƭƭŜΣΧ

ÅLHC and non-LHC experiments are very complementary:



Strange sector

Search for FCNCY Ҧ ˉ˄d˄ecays
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K+Ҧ ̄+˄ a˄t NA62

ÅSM prediction: BR(K+Ҧ ̄+˄ )˄=(8.4±1.0).10-11

ÅNA62 uses secondary beam from SPS at CERN (75GeV, 6% of K+ )

ÅK+ decay in flight in ~120m long region

ÅDetect a K+ associated with a ̄+ and missing energy

ÅVetoes for ɹ and µ

ÅData taken in 2016-2018
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K+Ҧ ̄+˄ a˄t NA62 

ÅMain bkg: upstream bkg, K+Ҧ ̄+ 0̄ , K+Ҧ µ+ ,˄ K+Ҧ ̄+ -̄ e+˄

Å3.4 sigma evidence !

ÅBR in agreement with SM predictions

ÅReinterpretation in term of K+Ҧ ̄+ X, 
where X is a feebly interacting particle
See talk by C. Hearty at this conference!

Signal 
regions

Data taking will resume in July 2021 with an upgraded beam line, limiting upstream backgrounds

arXiv:2103.15389
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https://arxiv.org/abs/2103.15389


K0Ҧ ̄0˄ a˄t KOTO

ÅSM prediction BR(K0Ҧ ̄0˄ )˄= (3.4±0.6).10-11

ÅKOTO uses a 30 GeV proton beam from J-Parc main ring

ÅDetect only 2 ɹ  from the ̄ 0 decay in a CSI calorimeter

ÅDecay volume surrounded by chargedand photonvetoes
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K0Ҧ ̄0˄ a˄t KOTO
PRL 126 (2021) 121801

ÅNew result from 2016-2018 data!

ÅNo signal found: 

BR(K0Ҧ ̄0˄)˄ < 4.9 10-9 at 90%CL

Å2 orders of magnitudes higher than SM 

ÅMain backgrounds: K+Ҧ Ŝ+ 0̄ a˄nd beam 
halo K0Ҧ ɹʴ

ÅImprovements foreseen to reach SM 
sensitivity:

ÅNew charged particle veto to be 
installed to suppress K+ background

ÅNew software development to 
suppress K0Ҧ ɹ bɹackground
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Charm sector

Test of LFUin (semi)leptonic decays
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Charm sector: LFUV at BES III

Åe+e-ŎƻƭƭƛŘŜǊΣ Ҟǎ ŦǊƻƳ н ǘƻ р DŜ±Σ ƭŀǊƎŜ ŘŀǘŀǎŜǘ ǊŜŎƻǊŘŜŘ ŀǘ 5(s)D(s)
production threshold 

ÅFull reconstruction of the opposite D(s) : clean reconstruction of decay with 
missing energy Ideal place to test LFU in (semi)leptonic decays

ÅExample: DsҦ ̱/µ˄
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R=9.75±0.01 in SM

Ҧ̱ ̄˄



Charm sector: LFUV at BES III

13

Mode Measured ratio SM prediction Ref

D+Ҧ ̱/µ˄ 3.21±0.77 2.66 PRL 123(2019)211802

DsҦ ̱/µ˄ 9.58±0.44 9.75 arXiv:2106.02218, 
arXiv:2102.11734, 
arXiv:2105.071078

D+Ҧ ́µ/e˄ 0.91± 0.13 0.97-1.00 PRL 124 (2020) 231801 

D+Ҧ ̟µ/e˄ 1.05±0.14 0.93-0.99 PRD 101 (2020) 072005

D+Ҧ ̄0 µ/e˄ 0.964±0.045 ~0.985 PRL 121 (2018) 171803

D0Ҧ ̄+ µ/e˄ 0.922±0.037 ~0.985 ΨΩ

D0Ҧ Y+ µ/e˄ 0974±0.014 ~0.970 PRL 122 (2019) 011804

ɽc
+Ҧɽ µ/e˄ 0.96±0.16 ~1 PRL115(2015)221805

PLB767(2017)42

ÅNo evidence of LFUV in charm (semi)leptonic decays with BES III data

ÅIndividual BR measurements also provide test of Lattice QCD and CKM parameters extraction

ÅMore data and results are expected in the coming years, see BES III white paper in Chin. Phys. C 
44, 040001 (2020)

https://iopscience.iop.org/article/10.1088/1674-1137/44/4/040001


B sector

FCNCdecays
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B sector: B+Ҧ Y+˄ a˄t Belle II 
ÅSuperKEKBis an e+e- asymmetric collider, located in Tsukuba, Japan

ÅҞǎ Ґ a(̞4s) =10.58 GeV : B factory, but also charm, and tau!

ÅMachine target: 
Å Instantaneous lumi 6x1035 cm-2s-1 (30 x KEKB)

Å Integrated lumi 50 ab-1 (50 x Belle)

Å Thanks to the nanobeam scheme (vertical beam size 50nm at IP)

ÅAchieved:
ÅWorld record of instantaneous lumi at 2.9x1034 cm-2s-1

Å Recorded 180 fb-1 since 2019

Å Continuous data taking even with COVID crisis
15
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B sector: B+Ҧ Y+˄ a˄t Belle II 
ÅSM prediction: BR(B+Ҧ Y+˄)˄ = (4.6±0.5).10-6

ÅExperimentally very challenging !

ÅNew method using an inclusive tagging

Å Identify the signal K+ as the highest pT track 

ÅRemaining tracks and cluster constitutes the Rest of the Event (ROE)

High signal efficiency but large background

ÅTwo consecutive BDTs (51 variables) used to separate signal from background
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Control mode:
B+Ҧ Wκ˕όҦҡҡύY+
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B sector: B+Ҧ Y+˄ a˄t Belle II 

ÅSignal is obtained with a maximum likelihood fit in bins on BDT2 and pT(K)

ÅNo signal found but result obtained with 63 fb-1 is already competitive with previous measurements!
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ÅMany more channels were done by Belle and Babar, expect new Belle II results soon

arXiv:2104.12624_


