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ωNew particles (e.g. SUSY particles) could enter in the tree, loop, and box 
diagrams.

ςObservables (such as branching fraction or asymmetry) are modified.

New physics search at Belle
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Tree Loop Box

Topics covered in this talk :

1. ὄᴼὈᶻʐʉwith hadronic tag(arXiv:1507.03233, submitted to PRD)

2. ὄᴼʌʐʉwith hadronic tag

3. ὄ ᴼ‰ɾȟɾɾ(PRD 91, 011101(R)(2015))

4. ὃ ὄᴼὢ ɾ (PRL 114, 151601 (2015))



Belle Experiment

ωKEKB accelerator and Belle detector at Tsukuba, Japan.

ςAsymmetric ὩὩ energy to boost B mesons

ςData taking for 1999-2010

ςGood particle ID capability

Ɇ ὴȟʌȟὑ ȟɾȟὩȟʈȟὑ

ςGood momentum resolution
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Hadronic tagging with Neural Network

ωEvent selection by using NeuroBayes (neural network).

ς1104 exclusive decays are used.

ω Especially, useful for final states with neutrinos.

(e.g.) ὄᴼὈᶻʐʉȟʌʐʉȟΧ
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Signal side
Signal decay

Tag side
ὄ is completely reconstructed from 

hadronic decay (ὄᴼὈᶻὢȟὐȾ‪ὢΣ ΧύΦ
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NIMA 654, 432 (2011)



║ᴼ╓ᶻⱲⱨwith Hadronic Tag

ωSensitive to charged Higgs.

Observables

ɆὙὈᶻ
B ᴼ

B ᴼ
ὰ Ὡȟʈ

ωSeveral systematic uncertainties mostly cancel out in the ratio.

ςVcb, (part of) form factors, experimental efficiencies.

ωAll measurements indicate ὙὈᶻ higher than SM.

Selection

Ɇὄ is reconstructed by hadronic tagging based on Neural network.

ωLeptonic ʐdecays are used.

ςSame final state as ὄᴼὈᶻὰʉ

ω4 Ὀᶻὰfinal states (Ὀz ὰȟὈz ὰȟὈ ὰȟὈὰ)

ω No further tracks or ʌ

Ɇή τ'Å6

Ɇ πȢς'Å6 ὓ ψȢπ'Å6
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ωSplit sample at ὓ πȢψυ'Å6Ⱦὧ

Fit Strategy
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Ὀᶻὰ’enhanced Ὀᶻ†’enhanced

Fit in ὓ

to determine Ὀᶻὰ’

Fit in Neural Network output
to separate sig. from bkg.

(mainly Ὀᶻzὰ’)

Ὀὰsamples
(@MC)

Ὀᶻʐ’-signal

Ὀὰsamples
(@MC)

Sig.
(Ὀʐʉ)

Bkg.
(Ὀᶻzὰʉ)

ὄᴼὈᶻ†’
with hadronic tag



Å 4 Ὀᶻὰchannels are simultaneously fitted.

Å Total 12 free parameters

ς 4 parameters for ὄᴼὈᶻὰʉ

ς 2 parameters for ὙὈᶻ

assuming isospin symmetry

ς 2 parameters for cross-feed from Ὀzὰto Ὀὰ

ς 4 parameters for ὄᴼὈᶻzὰʉ

Fit Strategy
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Ὀᶻὰ’enhanced Ὀᶻ†’enhanced

Ὀὰsamples
(@MC)

Ὀὰsamples
(@MC)

ὄᴼὈᶻ†’
with hadronic tag

ω Small backgrounds are fixed,

relying MC expectation.

ω Events with falsely reconstructed Ὀᶻ

is determined by sideband of ɝά(ά ).



Fit for ╓ᶻ■Samples
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Fit for ╓■Samples
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Results

ωBelle result is consistent with SM and BaBarǊŜǎǳƭǘ ǿƛǘƘƛƴ нˋΦ
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ὄᴼὈᶻ†’

with hadronic tag

Analysis is repeated for type-II 2HDM
ǿƛǘƘ ǘŀƴʲκƳH+= 0.5 GeV-1

Result
ὙὈ πȢσχυȢ

Ȣ ÓÔÁÔȢ πȢπςφÓÙÓÔȢ
ὙὈᶻ πȢςωσȢ

Ȣ ÓÔÁÔȢ πȢπρυÓÙÓÔȢ


