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Ø Summary

2



The	B	Factories
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On-resonanceOff-resonance

ØBelle	at	KEKB
BABAR	at	PEP-II

ØVery	high	luminosity:
✓~2x1034/cm2/s	
(Belle)(twice	the	design	
value)

ØAsymmetric	beams:
✓8GeV	e-/3.5	GeV e+ (Belle)
→	Boosted	BB	pairs	

(→	time	dep.	CPV)

BaBar,	PRD	72,
032005	(2005)



The	KEKB	accelerator
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e+源



The	Belle	experiment
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Ø Data	set	on	Belle	
✓ Υ(4S):	711	fb-1,	772	× 106𝐵𝐵$ pairs.
✓ All	energies:	980	fb-1.



Overview	of	recent	Belle	results

Ø Belle	results	from	2018	are	included	into	this	
talk.	There	are	following	categories	by	physics	
subject:
✓ CP	violation.
✓ Standard	model	tests.
✓ Spectroscopy.
✓ Transitions	between	quarkoniumstates.
✓ Initial	state	radiation	processes.
✓ τ physics.
✓ γγ processes.
✓ Branching	fraction	and	cross	section	measurements.
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CP	violation
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CP	violation	in	𝑫& → 𝝅&𝝅𝟎

Ø The	raw	asymmetry
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Ø The	difference	 in	the	raw	asymmetries

Ø Measured	results:

Consistent	with	SM,	null	asymmetry!

PRD	97,	011101



Time-dependent	CPV	in	𝑩𝟎 → 𝑲𝑺𝟎𝜼𝜸
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PRD	97,	092003



Measurement	of	cos	2𝜷 in	𝑩𝟎 → 𝑫(∗)𝒉𝟎
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arXiv:1804.06152;1804.06153

Joint	analysis	combining	Belle	and	BaBar data	(772x106 +	471x106𝐵𝐵$ )

Decay		modes
✓ 𝐵4 → 𝐷4𝜋4，𝐷4𝜂，𝐷4𝜔，𝐷∗4𝜋4，𝐷∗4𝜂.
✓ 𝐷∗4→ 𝐷4𝜋4，𝐷4 → 𝐾:4𝜋&𝜋;

Analysis	strategy
✓ The	amplitude	of	𝐷4 → 𝐾:4𝜋&𝜋; is	determined		

by	a	Dalitz analysis	for	continuum	D	mesons
✓ A	time-dependent	Dalitz analysis	is	performed	

on	𝐵4 → 𝐷(∗)ℎ4 (D	decay	amplitude	is	fixed,	
only	sin2β and	cos2β are	free).

Results:
✓ sin2β =	0.80±0.14±0.06±0.03，
✓ cos2β =	0.91±0.22±0.09±0.07.
✓ 4th uncertainties:		𝐷4 → 𝐾:4𝜋&𝜋;amplitude	

mode
✓ β =	(22.5±4.4±1.2±0.6)°,	the	second	

minimum	(𝛽@ =	AB - 𝛽)	is	excluded	by	7.3	σ level
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Standard	model	tests



Search	for	𝑩; → 𝝁;𝝂$𝝁 Decays
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arXiv:1712.04123

The	SM	prediction:



τ polarization	in	𝑩; → 𝑫∗𝝉;𝝂$𝝉
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PRD	97,	012004



14

Spectroscopy



Excited	𝛀𝒄	 baryons
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PRD	97,051102(R)



Observation	of	𝚵𝒄(2930)0 in	𝑩; → 𝚲𝒄&𝚲K𝒄;𝑲;
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EPJC	78,	252



Observation	of	an	excited	𝛀; baryon
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arXiv:1805.09384

Ø New	resonance	is	observed
Ø It	is	found	primarily	in	the	decay	of	

the	narrow	resonances	Υ(1S),	Υ(2S),	
and	Υ(3S)

Ø No	isospin asymmetry	is	observed



Search	for	𝚼(1S,	2S)→ 𝒁𝒄&𝒁𝒄
@ ; and	𝒆&𝒆; → 𝒁𝒄&𝒁𝒄

@ ;
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arXiv:1805.02308

Ø No	clear	signals	are	observed	 in	the	studied	modes
Ø The	90%	C.L.	upper	limits	on	the	branching	fractions	are	determined
Ø The	reported	upper	limits	are	not	in	contradiction	with	the	naive	expectation.
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Transitions	between	quarkonium states



Observation	of	𝚼(4S)→ 𝜼@𝚼(1S)
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arXiv:1803.10303
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Initial	state	radiation	processes



Angular	analysis	of	𝒆&𝒆; → 𝑫(∗)±𝑫(∗)∓
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PRD	97,	012002
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τ physics



Michel	parameters	of	𝜼K and	𝝃𝜿
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PTEP	2018,	023C01
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γγ processes



𝜸𝜸 → 𝑲𝒔𝟎𝑲𝒔𝟎
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PRD	97,	052003



𝜸𝜸 → 𝜼𝒄(1S,	2S)→ 𝜼@𝝅&𝝅;
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arXiv:1805.03044
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Branching	fraction	and	cross	section
measurements



Branching	fraction	and	cross	section	
measurements
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Branching	fractions:
✓ 𝐵& → 𝑋TT̅𝐾&,	and	𝐵& → 𝐷K ∗ 4𝜋&:	PRD	97,	012005	(2018)
✓ ΩT4 hadronic decays:	PRD	97,	032001	(2018)
✓ ΛT& → Σ&𝜋&𝜋;,	ΛT& → Σ&𝜋4𝜋4,	ΛT& → Σ4𝜋&𝜋4:	
arXiv:1802.03421

✓ 𝐵 → 𝐷(∗)𝜋𝑙𝜈:	arXiv:	1803.06444
Cross	sections:
✓ 𝑒&𝑒; → hyperons,	charmed	baryons:	PRD	97,	
072005	(2018)

✓𝑒&𝑒; → 𝜂Υ\ ,	𝜂ℎ]:	arXiv:	1803.03225	



Thank	you	for	your	attention
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