
Recent Experimental Results for 
Semileptonicὄdecays

June 6, 2016 at FPCP 2016

Shigeki Hirose (Nagoya University)

For the Belle Collaboration



Â SemileptonicὄDecays

ÅGood environment for ὠ (ὼ= όȟὧ) extraction
ïTheoretically, cleaner than hadronic ὄdecays; QCD contribution exists 

only in ὦO ὼtransition part

ÅSemitauonicdecays (e.g. ὄᴼὈᶻ†’) are good probe for 
indirect new physics searches
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Â Recent Topics
Åὄᴼὢὰ’ ὰ Ὡȟ‘ measurements
ïὄᴼὈὰ’with hadronic tagging (Belle, 772M ὄὄ)

Presented at EPS 2015 Ą Phys. Rev. D 93, 032006 (2016)

ïὄᴼὈᶻ““ὰ’with hadronic tagging (BaBar, 471M ὄὄ)
Presented at EPS 2015 Ą Phys. Rev. Lett. 116, 041801 (2016)

ÅSemitauonicDecays

ïὄ ᴼὈᶻ†’with semileptonictagging (Belle, 772M ὄὄ)
Presented at MoriondEW 2016 (arXiv:1603.06711)

ïὄ ᴼ“†’with hadronic tagging (Belle, 772M ὄὄ)
Presented at EPS 2015 Ą Phys. Rev. D 93, 032007 (2016)

All the results above are based on the full statistics of each experiment
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Hot topic!
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ÂὄFactories

Åὄfactories with ὩὩ colliders at ί= 10.58 GeV
ïProduce ὄmesons via  τὛO ὄὄ

ÅHuge statistics: more than 1 billion ὄὄhave been accumulated 
at the two experiments

Belle @ KEKB (KEK) BaBar@ PEP-II (SLAC)

Data take: 1999-2010
ὔ = 772M

Data take: 1999-2008
ὔ = 471M
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Â

ÅReconstruct one ὄmeson (ὄ ) with specific decays

ĄEnsure all the remaining particles belong to the signal side

ÅUnique technique at ὄfactories
ïBeam energy is precisely known

ïExactly two ὄmesons are produced without any extra particles
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Semileptonictag

Phys. Rev. D82, 071101 (2010) 
(ὄ ᴼ†’by Belle)

ὄᴼὈᶻὰ’events are 
obtained by taking 
ÃÏÓ— ᶻ ρ

Flavor Physics and CP Violation 2016

Å Full reconstruction of ὄ is possible

Å Reconstruction efficiency = ὕρπ

Å Reconstruction efficiency is better: ὕρπ
Å One neutrino exists in the tag-side

Hadronic tag

Classical reconstruction

New reconstruction with 
multivariate analysis (NeuroBayes)

NIM A 654 (2011), 432 (Belle)
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Exclusive ὄᴼὢὰ’Measurements

ÅὄᴼὈὰ’ ὰ Ὡȟ‘ with hadronic tagging (Belle)

ÅὄᴼὈᶻ““ὰ’with hadronic tagging (BaBar)

Phys. Rev. D 93, 032006(2016)

Phys. Rev. Lett. 116, 041801(2016)
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Â ὠ Determination

ÅDiscrepancy between inclusive and exclusive ὠ
measurements

ï ὠ determined by incl. measurements and by ὄᴼὈᶻὰ’decays 
show 2-о d̀iscrepancy

ĄBelle updated ὠ determination with ὄᴼὈὰ’with full data

x7 larger statistics than the previous Belle analysis:Phys. Lett. B526, 258 (2002)

Flavor Physics and CP Violation 2016

2-оˋ 

8/ 25



ÂὄᴼὈὰ’by Belle

ÅSignal extraction with missing mass squared

ὓ ὴ ὴ ὴ ὴ ὰ Ὡȟ‘

ÅSignal reconstruction as a function of ύ

ρȢππ ύ ρȢπφ ρȢσφ ύ ρȢ42 ρȢυτ ύ ρȢ60

Signal events 
distribute around 
ὓ π'Å6Ⱦὧ

Feed-down from 
ὄᴼὈᶻὰ’
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Differential decay rate
Ὠɜ

Ὠύ

Ὃά

τψ“
ά ά ύ ρ – ȿὠ ȿȿὫύȿ

Ą To be zero for signal 
with only one ’

Form factor for ὄᴼὈElectroweak correction
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Figures for ὄ ᴼὈᶻ‘’Phys. Rev. D 93, 032006 (2016)
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Â ὠ Determination

ÅResults:

ÅTwo form factors are used to extract ὠ

CLN form factor
New, CLN

New, BGL

Flavor Physics and CP Violation 2016
Two results agree with both ὠ by inclusive and by ὄᴼὈᶻὰ’

– ὠ τπȢρς ρȢστ ρπ (CLN form factor)
– ὠ τρȢρπ ρȢρτ ρπ (BGL form factor)
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Figures in Phys. Rev. D 93, 032006(2016)
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With heavy-quark symmetry etc.



Â Branching Fractions of ὄᴼὢὰ’

ÅὄὊὄᴼὢὰ’ by Inclusive and exclusive measurements 
are inconsistent
ï!ōƻǳǘ мΦр҈ ŘƛŦŦŜǊŜƴŎŜ όрΦлˋύ

ïThis indicates unmeasured exclusive ὄᴼὢὰ’decays

ĄBaBarmeasured additional exclusive decays: ὄᴼὈᶻ““ὰ’
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Figure based on the talk by S. Turczykat CKM 2012

рΦлˋ

Sum of exclusive
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ÂὄᴼὈᶻ““ὰ’by BaBar

ÅSignal extraction with Ὗ Ὁ ὴ

ïὟhas less dependence on modeling of 

decay dynamics than ὓ

ÅSignificant signals were observed

First observationfor Ὀ““ὰ’

First evidencefor Ὀᶻ ““ὰ’
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Plots in Phys. Rev. Lett. 116, 041801(2016)

Mode Sig. (stat. only) Sig. (stat.+syst.)

Ὀ““ὰ’ 5.4 5.0

Ὀ““ὰ’ 3.5 3.0

Ὀz ““ὰ’ 1.8 1.6

Ὀᶻ““ὰ’ 3.3 3.0
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