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Outline	

•  This	talk	covers	three	dis?nct	topics	
–  Measurements	of	bo:omonium	states	and	transi?ons	(Belle)	

–  Amplitude	analyses	of	3-body	charmonium	decay	modes	(BaBar)	

–  First	doubly	Cabibbo-suppressed	charmed	baryon	decay	(Belle)	

•  Some	(less	new)	results	not	covered:	

–  Dalitz	analysis	of	3-body	J/ψ	decays	

2016/08/05	 Kowalewski	-	ICHEP	2016	 2	



Asymmetric	e+e-	B	factories	
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BB	
threshold	

•  High	luminosi?es	(>1034/cm2/s)	enable	a	rich	
legacy	of	discovery	

•  Beyond	CKM	physics,	B	factories	can	be	used	to	
study	bo^omonium	systems	

•  Ini?al-state	radia?on		
and	two-photon		
interac?ons	can	be		
used	to	access	charm-	
onium	at	low	CM		
energy,	providing		
clean,	low-mul?plicity		
samples	



B	factories	Belle	and	BABAR	
•  Large	solid	angle	coverage,	excellent	tracking,	EM	calorimetry,	par?cle	ID	

•  Well	understood	performance,	simula?on	accurate	in	most	respects	
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Observa?on	of	Υ(4S)!ηhb(1P)	

•  Transi?ons	from	Y(nS)	
states	with	MY	>	2mB	
provide	new	pathways	to	
spin	singlet	hb(nP)	and	
ηb(nS)	states	(E1M2	η	
transi?ons	not	suppressed)		

•  Search	for	Y(4S)	!	ηhb(1P)	
in	7.7×108	Y(4S)	decays	

•  Use	large	hb(1P)	sample	to	
probe	experimental	
discrepancy	in	ηb(1S)	mass	

•  Extract	hyperfine	mass	
spliings	
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PRL	115,	142001	(2015)	

level	diagram	taken	from		
Phys.	Rev.	D	70,	032001	(2004)		



Y(4S)!ηhb(1P),	hb(1P)!γηb(1S)	

•  Blind	analysis	–	op?mize	expected	signal	significance	on	MC	

•  Reconstruct	η!γγ	decays	(veto	γ	from	π0,	calibrate	Eγ	using	
well-known	transi?ons	π0!γγ,	η!γγ,	D*0!D0γ)	

•  Measure	mass	recoiling	against	η;	fit	yields	112×103	hb(1P)	

•  Reconstruct	ηb(1S)	via	ΔM	=	Mmiss(ηγ)-Mmiss(η);	fit	yields	
(33±5)×103	ηb(1S)			
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Y(4S)!ηhb(1P)!ηγηb(1S)	results	

•  Extract	masses,	BFs,	decay	widths,	hyperfine	spliings	

•  Y(4S)!ηhb(1P)	BF	systema?cs	dominated	by	reconstruc?on	efficiency;		
hb(1P)	mass	by	ISR	modeling,	peaking	background,	beam	energy	

•  Systema?cs	in	ηb(1S)	parameters	dominated	by	choice	of	fit	meta-
parameters	(binning,	range)	

•  ηb(1S)	mass	agrees	with	Belle	result	from	Y(5S)	!	ππ	hb(1P)	!	ππγ	ηb(1S)	
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PRL	115,	142001	(2015)	



2016/08/05	 Kowalewski	-	ICHEP	2016	 8	

1S
	H
yp
er
fin

e	
Sp
lii

ng
	(M

eV
)	



ηc!KKπ	Dalitz	analysis	

•  Scalar	mesons	s?ll	poorly	quan?fied	

•  Structure	of	Kπ	S-wave	long-standing	problem;	ignorance	here	
feeds	into	studies	of	CP	viola?on,	exo?c	resonances	

•  ηc	decays	predominantly	to	pseudoscalar	+	scalar;	3-body	
decays	of	ηc	provide	a	laboratory	for	studying	scalar	mesons,	
with	no	isospin	3/2	contribu?on	

•  Select	events	from	two-photon	sca^ering	to	eliminate	vector	
charmonium	states	(J/ψ)	

•  Use	both	KSK±π±	and	K+K-π0	channels		

•  Model-independent	par?al	wave	analysis	determines	mass-
dependence	of	I=1/2	Kπ	S-wave	amplitude	and	phase	
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Phys.Rev.	D93	(2016)	012005		



γγ!ηc!KKπ	
•  519	t-1	collected	by	BABAR	near	Y(2S,3S,4S)	

•  Exclusive	final	state	topology	selected	(veto	extra	tracks,	EM	calo	energy)	

•  Single-ISR	background	removed	with	cut	on	recoil	mass	

•  Analyze	simultaneously	Dalitz	plots	for	signal	and	sideband	regions;	
K*(892)	contribu?on	consistent	with	coming	from	non-ηc	background	
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Phys.Rev.	D93	(2016)	012005		
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ηc!KKπ	Dalitz	results	
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Phys.Rev.	D93	(2016)	012005		

•  Simultaneous	fit	to	sideband	(in-
coherent	sum	of	amplitudes)	and	
signal	Dalitz	(model-indep.	PWA)	

•  Kπ	S-wave	is	dominant	fit	frac?on	

•  Fit	requires	new	resonance,	a0(1950)	
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Kπ	S-wave	versus	m(Kπ)	



Doubly	Cabibbo-suppressed	Λc	decay	

•  DCS	decays	seen	in	charm	mesons,	
but	not	previously	in	baryons	

•  These	decays	probe	flavour-SU(3)	
symmetry	in	baryon	decay	

•  Belle	looks	for	Λc	!	pK+π-	in	e+e-	
data	in	the	Y(nS)	region	(980	t-1)	

•  Naïve	expecta?on:		
BF(DCS)/BF(CF)	=	tan4θc	=	0.29%	

•  Blinded	analysis:	op?mize		
n2sig/(nsig+nbkg)	using	α×CF	signal		
and	DCS	sidebands	in	data	

•  Require	high		

to	reduce	combinatorial	background	
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x ≡ p*

s /4 −M 2
> 0.53

Doubly-Cabibbo-
suppressed	(DCS)	

Cabibbo-favored	
(CF)	

PRL	117,	011801	(2016)		



background-
subtracted		
Λc	!	pK+π-		

Λc	!	pK+π-		

Λc	!	pK-π+	

DCS	Λc	decay	-	yield	
•  Require	PID	(ε≈75%,75%,

95%	for	p,	K,	π)	and	good	
vertex	fit	

•  Observe	good	S/N	in	CF	
mode:	1.45M	events	

•  Clear	signal	in	DCS	mode;	
fi^ed	yield	3587	±	380	

•  Peaking	bkg	from	singly-
Cabibbo-suppressed	decay	
Λc!Λ(pπ-)K+;	residual	
contribu?on	208	±	78	

•  DCS	signal	significance:	9.4σ	
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PRL	117,	011801	(2016)		



DCS	Λc	Results	
•  ε(DCS)	=	13.71	±	0.05%,	uses	observed	

distribu?on	in	CF	Dalitz	plot	corrected	
for	modes	that	cannot	contribute	to	DCS	

•  BF(Λc	!	pK+π-)	/	BF(Λc	!	pK+π-)		
=	(2.35±0.27±0.21)×10-3	

•  Leading	systema?cs	from	fit	yield	(~6%),	
intermediate	states	(5.4%)	

•  BF	ra?o	=		(0.82	±	0.12)	tan4θc	
•  If	contribu?ons	from	Λ(1520)	and	Δ	

states	the	CF	mode	are	removed,	
revised	ra?o	is	(1.10	±	0.17)	tan4θc,	
compa?ble	with	naïve	expecta?on	

•  No	large	W-exchange	in	CF	decay	
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Summary	
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K+K-π0	

KSK±π±	

•  New	bo^omonium	transi?on,	determina?on	of	1S	and	1P	
hyperfine	spliings	(Belle):	

•  Measurement	of	mass	dependence	of		
Kπ	S-wave	in	γγ!ηc!KKπ	decays		
using	model-independent	PWA	(BABAR)	

•  First	observa?on	of	DCS	charm	baryon	decay	(Belle)	
–  BF(Λc	!	pK+π-)	/	BF(Λc	!	pK+π-)	=	(2.35±0.27±0.21)×10-3	

–  BF	ra?o	(corrected)	=		(1.10	±	0.17)	tan4θc	



Backup	
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ηb	mass	measurements	

•  Transi?ons	from	Y(nS)	!	γηb	via		
inclusive	γ	spectrum	

•  From	recoil	mass	difference,		
ΔM	=	Mmiss(ηγ)-Mmiss(η)	
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ΔM	

ηb(1S)	

Method/source	 ηb	mass	(MeV)	

Y(nS)!γηb	(BABAR/CLEO)	 9391.1±2.9	

Y(4S)!ηhb!ηγηb	(Belle)	 9400.7±1.7±1.6	



ηc!KKπ	Dalitz	efficiency,	fit	quality	

•  Good	fit	from	model-
independent	PWA	

•  Isobar	model	gives	poor	
fit:	χ2/N=1.82	
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Kπ	S-wave	comparison	with	LASS,	E791	
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