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Semileptonic	B	decays	

•  Large	BF,	only	one	hadronic	current	
•  Provide	access	to	|Vqb|	

•  Inclusive	decays	b	!	qeν: 
–  Weak	decay	+	QCD	correc=ons	

–  Operator	Product	Expansion		
in	αs	and	ΛQCD/mb		

–  For	b!ueν	decays,	unavoidable	complica=ons	arise	due	to	the	large	
background	from	dominant	b!ceν	decays	

•  kinema=c	cuts	!	non-perturba=ve	“shape	func=on”	needed	

•  universal	only	at	leading	order	in	Λ/mb	
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Vqb	

Sketch	from	
Mike	Luke	



|Vqb|	–	a	messy	business	
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The	inclusive	b!ueν	landscape	
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(b!c	background)	

(shape	func=on)	
(CKM	metrology)	

(Weak	annihila=on)	



The	inclusive	b!ueν	landscape	
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(b!c	background)	

(shape	func=on)	
(CKM	metrology)	

(Weak	annihila=on)	

…	



The	inclusive	b!ueν	landscape	

•  Nature	–	provides	PDF	
for	actual	decays	
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From	Björn	Lange,	2004	

Light-cone	variables	(X=hadronic	system)		
P+	=	EX	-	|pX|,	P-	=	EX	+	|pX|	



The	inclusive	b!ueν	landscape	

•  Nature	–	provides	PDF	
for	actual	decays	

•  Experimenter	–	avoid	
b!c	background	
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From	Björn	Lange,	2004	

b!c	allowed,	
mX	>	mD	

Light-cone	variables	(X=hadronic	system)		
P+	=	EX	-	|pX|,	P-	=	EX	+	|pX|	



The	inclusive	b!ueν	landscape	

•  Nature	–	provides	PDF	
for	actual	decays	

•  Experimenter	–	avoid	
b!c	background	

•  Theorist	–	avoid	Shape	
Func=on	region	
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The	inclusive	b!ueν	landscape	

•  Nature	–	provides	PDF	
for	actual	decays	

•  Experimenter	–	avoid	
b!c	background	

•  Theorist	–	avoid	Shape	
Func=on	region	

•  All	–	avoid	Weak	
Annihila=on	
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From	Björn	Lange,	2004	

b!c	allowed,	
mX	>	mD	

WA	

Light-cone	variables	(X=hadronic	system)		
P+	=	EX	-	|pX|,	P-	=	EX	+	|pX|	



The	inclusive	b!ueν	landscape	

•  Nature	–	provides	PDF	
for	actual	decays	

•  Experimenter	–	avoid	
b!c	background	

•  Theorist	–	avoid	Shape	
Func=on	region	

•  All	–	avoid	Weak	
Annihila=on	

•  Plan	–	look	in	mul=ple	
regions,	assess	
consistency	
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From	Björn	Lange,	2004	

b!c	allowed,	
mX	>	mD	

WA	

Light-cone	variables	(X=hadronic	system)		
P+	=	EX	-	|pX|,	P-	=	EX	+	|pX|	



Inclusive	|Vub|	status	
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[1]	latest	preliminary	HFAG	results	in	backup	slides	



Plan	for	this	talk	
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From	Björn	Lange,	2004	

b!c	allowed,	
mX	>	mD	

WA	

•  Can	we	really	push	into	
the	b!c	region?	
–  consider	new	BaBar	

endpoint	analysis	as	an	
illustra=ve	example	

•  Should	we	embrace	the	
shape	func=on?	
–  plug	for	SIMBA,	plea	for	

results	

•  What	can	we	improve	
using	the	large	Belle	II	
dataset?	
–  need	many	detailed	

measurements	
–  B	tagging	not	a	panacea	

Light-cone	variables	(X=hadronic	system)		
P+	=	EX	-	|pX|,	P-	=	EX	+	|pX|	



New	BaBar	result	for	inclusive	|Vub|	
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•  BaBar	|Vub|	from	the	inclusive	electron	spectrum	[arXiv:1611:05624]	
– full	data	set:	467M	BBbar,	44.4o-1	con=nuum;	supercedes	2006	result	

– updated	HQE	parameter	values	as	per	HFAG	2013	

– fit	to	b!Xuev,	con=nuum,	and	6	B	background	contribu=ons	to	determine	par=al	BF		
for	Ee	>	pmin,	pmin	as	low	as	0.8	GeV		

•  Simulated	(MC)	BBbar	decays		
generated	using	EvtGen	+	JETSET	

•  Simple	NN	to	reject	con=nuum	

Large	sta=s=cs:	>106	events	/	50	MeV	bin;		
sta=s=cal	uncertain=es	dominated	by	con=nuum	subtrac=on	

BaBar	arXiv:1611:05624	BaBar	arXiv:1611:05624	

BBbar	
con=nuum	



Analysis	strategy	

•  Fit	on-Y(4S)	and	off-Y(4S)	data	simultaneously;	separate	Y(4S)	contribu=ons	
into	5	separate	b!c	components,	secondary	electrons,	b!ueν	

•  Fit	spectrum	over	a	range	[pmin,	2.7]	GeV;	with	pmin	from	0.8	–	2.1	GeV	

•  Avoid	details	of	b!ueν	in	the	endpoint	(SF)	region	by	using	a	wide	bin	
from	2.1-2.7	GeV	

•  Consider	4	different	calcula=ons	of	b!ueν	inclusive	spectrum;	mix	in	
exclusive	final	states	(“hybrid”	model)	
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wide	
bin	

Some	
components	
of	B!Xueν	
model	

πeν	

wide	
bin	

resonance	BFs	×10	



Theore=cal	models,	external	input	
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HFAG	2013	kine=c	
scheme	

Xceν	+	mc	
constraint	

Xceν	+	Xsγ

mb	[GeV]	 4.560±0.023	 4.574±0.032	

µπ
2	[GeV2]	 0.453±0.036	 0.459±0.037	



Fiyed	spectra	in	Y(4S)	frame	
•  B!Xueν	electron	spectra	for	pe	>	0.8	GeV	azer	b!c	and	con=nuum	

subtrac=on	based	on	fit	
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BaBar	arXiv:1611:05624	

BaBar	arXiv:1611:05624	 BaBar	arXiv:1611:05624	

wide	bin	

BaBar	arXiv:1611:05624	



BaBar	arXiv:1611:05624	

Fiyed	spectra	in	Y(4S)	frame	
•  B!Xueν	electron	spectra	for	pe	>	0.8	GeV	azer	b!c	and	con=nuum	

subtrac=on	based	on	fit	
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BaBar	arXiv:1611:05624	 BaBar	arXiv:1611:05624	

wide	bin	

BaBar	arXiv:1611:05624	



•  The	region	with	good	sensi=vity	to	B!Xueν	is	in	the	wide	2.1-2.7	GeV	bin	
–  Models	differ	in	their	predic=ons	for	the	frac=onal	rate	in	this	bin		

–  The	normaliza=on	of	the	predicted	B!Xueν		spectrum,	and	thus	of	its	BF,	is	
largely	fixed	by	this	bin	

•  This	dependence	of	the	total	rate	and/or	|Vub|	on	the	b!ueν	model	
impacts	any	measurement	that	ventures	into	the	b!ceν	–	allowed	region	

Understanding	the	fit	results	
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BaBar	arXiv:1611:05624	



Fit	results	for	B	!	Xueν	par=al	BF	
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•  Par=al	BF	results	for	pmin	<	Ee	<	2.7	GeV:	

•  HQE	parameter	input	from	Xceν	moments	+	mc	constraint	
–  mb	=	4.560±0.023,	µπ

2	=	0.453±0.036	

–  results	for	other	inputs	given	in	arXiv:1611.05624	

•  Quoted	values	are	corrected	for	final-state	radia=on	
•  Note	dependence	of	par=al	BF	on	model	(especially	large	for	

pmin	=	0.8	GeV,	but	s=ll	present	for	pmin	=	2.1	GeV)	

BaBar	arXiv:1611:05624	

ΔBF×103\model	 DN	 DGE	 GGOU	 BLNP	

pmin	=	0.8	

pmin	=	2.1	

€ 

1.40 ± 0.08−0.15
+0.21

€ 

1.43 ± 0.08

€ 

1.55 ± 0.08−0.09
+0.10

€ 

2.27 ± 0.13−0.16
+0.19

	exp					SF	 	exp					SF	 	exp					SF		exp	

€ 

0.33 ± 0.02−0.01
+0.01

€ 

0.33 ± 0.02

€ 

0.34 ± 0.02−0.01
+0.01

€ 

0.40 ± 0.02−0.01
+0.01



GGOU	

pmin	

BaBar	arXiv:1611:05624	

Systema=c	uncertain=es	

•  Experimental	systema=c	uncertain=es	due	to	
–  luminosity;	event	selec=on;	form	factors	of	D,	D∗,	D∗∗;	composi=on	of	P-wave	

and	heavier	charm	states;	J/ψ,	τ	and	fake	backgrounds;	bremsstrahlung;	CM	
energy;	wide	bin	width;	non-BB	backgrounds	

☞  Total	experimental	error	on	|Vub|	below	4%	for	pmin	<	2.4	GeV	

•  Uncertain=es	in	calculated	rate	due	to	
–  parametric	input	(mb,	µπ

2)	

–  QCD	matching	scales,	weak		
annihila=on,	αS		

☞  Theory	+	parameter	uncertainty		
es=mates	on	|Vub|	are	~4-7%	for		
pmin	<	2.2	GeV	

•  Current	es=mates	of	theory	uncertainty		
fall	with	pmin;	is	this	ok?	
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Electron	spectrum	|Vub|	results	

•  Results	are	lower	than	most	
previous	measurements	(but	
not	for	BLNP)	

•  Consistent	with	previous	BaBar	
analysis	(2006)	

•  Band	shows	PDG	2016	inclusive		
average	

•  N.b.	–	the	most	precise		
measure-ments	in	the	average	
are	for	Ee>1.0	GeV	(B-tagged),	
i.e.	deep	into	b!c	allowed	
region.		The	par=al	BFs	in	those	
measurements	were	not	done	
separately	for	each	model	
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BaBar	arXiv:1611:05624	

" solid	squares	–	parameters	from	Xc	fit	with	mc	constraint	
▲  solid	triangles	–	parameters	from	Xc	+	Xsγ	fit	
#  open	symbols	–	transla=on	from	“kine=c”	to	“shape-
func=on”	scheme	using	
μ	=	1.5	GeV	(default	is	μ	=	2.0	GeV)	

"  Previous	BaBar	electron	spectrum	result	(2006)	
"  HFAG	averages	of	all	inclusive	measurements	

€ 

3.88 ± 0.11 −0.21
+0.28 ± 0.12

€ 

4.60 ± 0.13 −0.21
+0.23 ± 0.16

€ 

3.92 ± 0.11 −0.08
+0.08

€ 

4.03 ± 0.11 −0.15
+0.16 −0.01

+0.00



What	improves	with	B	tagging?	

•  B	tagging	removes	most	con=nuum,	
allows	determina=on	(with	tails)	of	q2,	
P+,	hadronic	variables	mX,	…	

•  Measurements	in	b!c	allowed	region	
s=ll	have	huge	background;	K	
rejec=on,	D*	par=al	reco	help,	but	
can’t	overcome	the	factor	of	50	in	the	
ra=o	of	rates	

•  The	experimentally	constraining	
informa=on	is	in	the	b!c	forbidden	
region;	this	will	be	true	even	with	
Belle	II	sta=s=cs	
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Embrace	the	shape	func=on	region	

•  The	data	in	the	lepton	endpoint		
region	carry	a	lot	of	informa=on	–		
it	is	currently	being	thrown	away	

•  SIMBA	authors	have	talked	about	
using	this	–	I’d	love	to	see	results!	

•  In	B-tagged	measurements,	sta=s=cs	are	lower	but	one	can	
use	P+	(or,	in	the	language	of	PLB	541,	29	(2002),	“EW+|PW|”),	which	
carries	more	direct	informa=on	about	the	SF	

•  A	promising	path:	combine	inclusive	Belle	II	measurements	in	
b!c	forbidden	region	with	SIMBA	
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BaBar	arXiv:1611:05624	



Other	measurements	for	Belle	II	

•  A	number	of	items	need	improvement	
–  The	composi=on	of	the	B	!	Xceν	background,	in	par=cular	if	one	con=nues	to	push	

into	the	b!ceν	–	allowed	region	

☞  Measure	exclusive	B	!	Xceν	final	states/FFs	for	D(*)nπ,	D(*)η,	etc.	

–  The	modeling	of	B	!	Xueν	decays	

•  the	incorpora=on	of	both	non-resonant	and	resonant	states	into	MC	
generators	is	an	ad-hoc	procedure	without	=ght	constraints	from	data	

☞  Measure	exclusive	B	!	nπeν	final	states	and	higher-mass	charmless	
resonances		

•  Further	suppor=ng	measurements:		
–  Weak	annihila=on	

–  ssbar	produc=on	in	Xu	hadronisa=on	
–  …	

•  Perhaps	use	“sum-of-exclusives”	approach	of	b!sγ,	as	suggested	by	P.	
Urquijo	in	Mainz	last	year	
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Summary	

•  Inclusive	|Vub|	results	remain	a	puzzle;	internally	consistent,	but	
above	CKM	fit	and	exclusive	results	

•  New	BaBar	electron	spectrum	result	for	|Vub|	uses	CMS	momenta	
p*	as	low	as	0.8	GeV,	but	sensi=vity	to	b!ueν	is	primarily	above	2.1	
GeV	

•  Par=al	rates	that	include	the	b!c	allowed	region	depend	on	the	
b!u	model.		It’s	essen;al	to	account	for	this	and	use	the	same	
model	when	deriving	a	par;al	rate	and	|Vub|	

•  Theory/parameter	uncertain=es	currently	dominate	–	we	need	
more	informa=on	to	constrain	SF	uncertain=es	

•  The	use	of	high-quality	experimental	spectra	in	the	b!c	forbidden	
region	in	a	global	fit	(e.g.	with	SIMBA)	seems	like	the	way	to	go	–	
what	are	the	limita=ons	to	this	approach?			

29	November	2016	 Kowalewski	-	CKM	2016	 25	



Backup	
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Fit	results	for	B	!	Xueν	par=al	BF	
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•  Fit	repeated	for	4	different	predicted	B	!	Xu	e	ν	spectra	

•  Quoted	values	are	corrected	for	final-state	radia=on	
•  Good	χ2/ndof	
•  Proceed	to	determine	|Vub|	

BFs	in	percent	
Errors	are	sta=s=cal	

BaBar	arXiv:1611:05624	



|Vub|	results,	pmin	>	0.8	GeV	

•  Values	depend	on	model,	choice	of	inputs	
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used	in	
summary	

plot	



|Vub|	results,	pmin	>	2.1	GeV	

•  Values	depend	on	model,	choice	of	inputs	
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Descrip=on	of	fit	

•  Simultaneous	binned	χ2	fit	to	on-	and	off-resonance	samples	

•  Con=nuum	component	fiyed	to	

•  BB	component	fiyed	to	sum	of	contribu=ons	

gk(t,pi)	–	MC	predic=ons	for	6	B!Xceν	modes	+	B!Xueν	model	

bk	–	fiyed	correc=ons	to	default	MC	BFs	

t	–	form-factor	parameters	(fixed)	

•  External	constraint	term	added	to	χ2	for	B	!	Deν:	

•  50	MeV	bins	except	for	2.1-2.7	GeV	(big	bin);	
this	reduces	dependence	on	theory	in	SF-dominated	region	
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€ 

a0 exp a1pi + a2pi
2 + a3pi

3( ) + exp a4 pi + a5pi
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€ 
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k

∑
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momentum	
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Free	
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€ 
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Experimental	systema=c	uncertain=es	

•  rela=ve	
uncertain=es	on	
par=al	BF	
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Details	of	fit	

•  Linear	correla=on	coefficients	
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Latest	
results	from	

HFAG,	
courtesy		
C.	Bozzi	
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