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BaBar	and	Belle	B-factories	
The dominant systematic uncertainties on Sf are sum-

marized in Tables III and IV. The dilution due to flavor
tagging can be different between BCP and Bflav events. We
study this effect by comparing the results in large samples
of simulated BCP and Bflav events. The uncertainties due to
!t resolution functions for both signal and background
components are estimated by varying the fixed parameters
and by using alternative models. We also vary the peaking
background fractions based on estimates derived from
simulation, and vary the CP content of the background
over a wide range to estimate the effect due to our limited
knowledge of background properties. The uncertainties in
the J=cK0

L sample are studied by varying the compositions
of the signal and background, by modifying the !E proba-
bility density function based on studies performed with the
J=cK0

S control sample, and by varying the branching
fractions of the background modes and their CP asymme-
tries. Other sources of uncertainty such as the values of the
physics parameters !md, !B, !"d="d, the beam spot and
detector alignment, and other fixed parameters, are studied
by varying them according to their world averages, the
calibration, and the statistical uncertainty, respectively.
Despite the large amount of simulated signal events that
included the full BABAR detector simulation, we can only
validate the possible fit bias to be no more than certain
precision. As a result, we assign a systematic uncertainty
corresponding to any deviations and the statistical uncer-
tainties of the mean values of the fitted Sf and Cf from the
generated values as the possible fit bias (MC statistics).
The only sizable systematic uncertainties on Cf are due

to the CP content of the peaking backgrounds and due to
the possible interference between the suppressed #b ! #uc #d
amplitude with the favored b ! c #ud amplitude for some
tag-side B decays [15]. The total systematic error on
SfðCfÞ is calculated by adding the individual systematic
uncertainties in quadrature and is found to be 0.012
(0.016). The main sources of systematic uncertainty are
listed in Tables III and IV.
For the "cK

0
S mode, we found #"fSf ¼ 0:925%

0:160ðstatÞ % 0:057ðsystÞ, which has a significance of
5:4# standard deviations including systematic uncertain-
ties. Our result is the first observation of CP violation in
this mode.

VIII. CONCLUSIONS

We report improved measurements of the time-
dependent CP asymmetry parameters. The results in this
paper supercede those of our previous publication [5]. We
report our measurements in terms of Cf and Sf. We find

Cf ¼ 0:024% 0:020ðstatÞ % 0:016ðsystÞ;
# "fSf ¼ 0:687% 0:028ðstatÞ % 0:012ðsystÞ;

providing an independent constraint on the position of the
apex of the unitarity triangle [17]. Our measurements agree
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FIG. 3 (color online). Time-dependent asymmetry between
unmixed and mixed events, Amix ¼ ðNunmix # NmixÞ=ðNunmix þ
NmixÞ, as a function of !t for hadronic B candidates (Bflav) with
mES > 5:27 GeV=c2. The curve is the corresponding fit projec-
tion.

E
ve

nt
s 

/ (
 0

.4
 p

s 
)

200

400

E
ve

nt
s 

/ (
 0

.4
 p

s 
)

200

400   tags0B

  tags0B
ηf =-1

(a)
R

aw
 A

sy
m

m
et

ry

-0.4

-0.2

0

0.2

0.4

R
aw

 A
sy

m
m

et
ry

-0.4

-0.2

0

0.2

0.4 (b)

E
ve

nt
s 

/ (
 0

.4
 p

s 
)

100

200

300

E
ve

nt
s 

/ (
 0

.4
 p

s 
)

100

200

300

  tags0B

  tags0B
ηf =+1

(c)

t (ps)∆
-5 0 5

R
aw

 A
sy

m
m

et
ry

-0.4

-0.2

0

0.2

0.4

-5 0 5

R
aw

 A
sy

m
m

et
ry

-0.4

-0.2

0

0.2

0.4 (d)

FIG. 2 (color online). (a) Number of "f ¼ #1 candidates
(J=cK0

S, c ð2SÞK0
S, $c1K

0
S, and "cK

0
S) in the signal region

with a B0 tag (NB0 ) and with a #B0 tag (N #B0 ); and (b) the raw
asymmetry, ðNB0 # N #B0 Þ=ðNB0 þ N #B0 Þ, as functions of !t; (c)
and (d) are the corresponding distributions for the "f ¼ þ1
mode J=cK0

L. The solid (dashed) curves in (a) and (c) represent
the fit projections in !t for B0ð #B0Þ tags. The shaded regions
represent the estimated background contributions to (a) and (c).
The curves in (b) and (d) are the fit projections of the raw
asymmetry between B0 tagged and #B0 tagged events.
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Nobel	Prize	in	Physics	
In	2008	awarded	to	
Kobayashi	and		
Maskawa	

Successful	experimental	program	
Established	CP	violaJon	in	B	system	and	
remarkable	consistency	of	the	CKM	
mechanism	of	the	SM	
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MoJvazioni	per	il	flavour	a	più	alta	luminosità	
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Misure	di	precisione	in	processi	proibiJ,	soppressi	o	prede*	con	precisione	nel	Modello	
Standard	sono	sensibili	agli	effe*	di	una	fisica	oltre	il	modello	standard	
	
Esempio	reale:	ci	sono	misure	che	oggi	mostrano	un	eccesso	a	4σ	rispeYo	a	quanto	aYeso	
dal	MS	come	R(D(*)).	Anche	altre	tensioni…	
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Real	world	as		today	 speculaJon	



Acceleratore	SuperKEKB	
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SuperKEKB	



Acceleratore:	da	KEKB	a	SuperKEKB	
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Da KEKB a SuperKEKB

fattore ~ 40-50 in luminosità
boost ridotto

Luminosità

5

Nano-beam scheme firstly proposed by P. Raimondi for SuperB

L~0.8x1036 cm-2 s-1

Cri;cal	issues	at	L	=	8	x	1035	cm-2s-1	
	
Higher	event	rate	(x40)		
		trigger	rate,	DAQ,	compuJng	
	
Higher	machine	backgrounds	
		radiaJon	damage	
		occupancy	
		fake	hits	and	pile-up	in	the	calorimeter	



Detector:	da	Belle	a	Belle	II	
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CaraYerisJche	uniche	di	Belle	II	
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Physics	deliverables	
	
Improved	precision	on	CKM	elements	and	
UT	angles	
	
Measurement	for	CP	violaJon	phases:	

		
Inclusive	measurements	b!	s/d	γ	b!s	l	l	
	
Missing	energy	modes	

	B!	l	ν	B!	K	ν ν,	B!	Xu,c	l	ν
	
LFV	in	τ	!	l	γ	,	3l	
	
Dark	maYer,	spectroscopy,	Hidden	sector	

Large	sample	of	B,	D,	and	τ	with	low	
background	

Exactly	2	quantum	correlated	B	mesons	at	Y(4S)	

No	trigger	bias	–	almost	100%	for	B	pairs	

Excellent	efficiency	and	resoluJon	in	tracking		
as	well	as	in	detecJng	photons,	KL,	π0	

	!reconstrucJon	of	intermediate	resonances	
	!Dalitz	plot	studies	

Clean	environment	(w.r.t.	to	hadron	machines)	
allows	“full	interpretaJon”	of	the	event	

	!	powerful	tool	for	physics	with	missing	
	energy	(many	neutrinos)	or	fully	inclusive	
	analyses	



Solo	a	Belle	II:	Full	Event	InterpretaJon	
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!  For	signal	with	weak	exp.	signature	
!  Decay	with	missing	momentum	

(many	neutrinos	in	the	final	state)	
!  Inclusive	analyses		

!  background	rejecJon	improved	fully	
reconstrucJng	the	companion	B	(tag)	

!  Tag	with	semileptonic	decays	
!  PRO:	Higher	efficiency	εtag	∼	1.5%	

CON:	more	backgrounds,		
					B	momentum	unmeasured	

!  Tag	with	hadronic	decays		
!  PRO:	much	cleaner	events,	

										B	momentum	reconstructed	
CON:	smaller	efficiency	εtag	∼	0.3%	
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Collaborazione	al	2017	
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750	persone	–	101	Is;tuzioni	–	23	Paesi		



Roll	in	del	rivelatore:	11	Aprile	2017	
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Stato	e	schedule	
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Summer shutdown
(power saving)

Summer shutdown
(power saving)

phase 1 phase 2 (MR) phase 3

MR renovation for phase 2, including
installation of QCS and Belle II

w/o QCS
w/o Belle II

w/ QCS
w/ Belle II (no VXD)

w/ full Belle II

DR commissioningDR installation & startup

MR startup VXD installationHER start
LER start

(mid Feb. – mid Jul. 2018)

Summer shutdown
(power saving)

Power saving
after mid July 2018

phase 3 operation
9 months / year 

…2016

JFY2016

2017 2018 2019

JFY2017 JFY2018 JFY2019Japan FY

Calendar year
Belle II Physics  /  Bryan Fulsom (PNNL)  /  ICHEP  /  2016-08-05 

Current Status and Schedule 

5 

Belle II Collaboration: ~700 members, ~100 institutions, 23 countries 
 
Phase 1 (complete) 

Accelerator commissioning 
 
Phase 2 (2017) 

First collisions 
Partial detector  
Background study 
Physics possible 

Phase 3 (“Run 1”) 
Nominal Belle II start 

Ultimate goal: 50 ab-1 

See: P. Lewis, Detector 05 Aug 09:20 

Total BaBar+Belle Luminosity 

KEKB Performance 

Belle II Goal 

SuperKEKB Goal 

Phase	1		Accelerator	commissioning	
BEAST	misure	del	background	macchina	
	
Phase	2		e+	e-	collisions	w/o	vertex	detector	
	
Phase	3	Data	taking	with	the	Full	detector	



PROSPETTIVE	DI	FISICA	
(HIGHLIGHTS)	

Guglielmo	De	Nardo	-	Stato	e	prospe*ve	dell'esperimento	Belle	II	-	IFAE	2017,	Trieste,	19-21	Aprile	2017	 12	



B	!	D(*)	τν	
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Standard	Model	predicJon	theoreJcally	clean	
Yield	and	q2	distribuJon	from	a	form	factor	
Nothing	special	w.r.t.	B	!D(*)	µ/e ν
	
Simplest	case	of	new	Physics:	from	Charged	Higgs	
	
Measure	a	raJo	R	=	B(	B!	D(*)	τ ν	)/B(	B!D(*)lν)		
Experimentally	hard:			signature	is	not	a	peak		
on	a	smooth	background!	
	
Data	driven	methods	to	control	the	backgrounds	
(combinatorial	and	D**	backgrounds)	
	
	



Belle	II	projecJons	
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B→τ Nagoya 2017 Phillip URQUIJO

Belle II Projections

16
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SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

 contoursσ1 

ICHEP 2016 Preliminary

ΔR(D) [%] ΔR(D*) [%]
Stat Sys Total Stat Sys Total

Belle 0.7 ab-1 14 6 16 6 3 7
Belle II 5 ab-1 5 3 6 2 2 3

Belle II 50 ab-1 2 3 3 1 2 2

• SL & Had tag full 
sim sensitivity 
studies in 
progress.

• SL background 
modelling will 
dominate error @ 
50 ab-1.
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50 ab-1.

Will	confirm	the	excess	early	
	
3%	(6%)	uncertainty	in	R	awer	10%	
of	data	taking.	
Then	systemaJcally	limited.	
	
Detaled	measurement	of	q2	and	
other	kinematcal	distribuJon.	
	

PolarizaJon	of	the	τ 



DecadimenJ	Leptonici	
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Very	clean	theoreJcally,	hard	experimentally	
SM	is	helicity	suppressed		
SensiJve	to	NP	contribuJon	(charged	Higgs)	
	

+			W+,H+	b	
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νℓ	
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Belle	II	can	also	test		
lepton	flavour	universality		

€ 

Rτµ =
Γ(B→ µν )
Γ(B→τν)

€ 

Rτe =
Γ(B→ eν)
Γ(B→τν )

B(B ! l⌫) = B(B ! l⌫)SM ⇥ rH

rH = (1� tan2 �
m2

B

m2
H

)2 in	2HDM	type	II	

Mode	 SM	BR	 Current	meas.	 Belle	II	
5	ab-1		

Belle	II	
50	ab-1	

τν 10-4	 20%	uncertainty	 15%	 6%	

µν 10-6	 Need	Belle	II		 20%	 7%	

eν 10-11	 Beyond	reach	 -	 -	

Belle	II	Full	simulaJon	with	expected	
background	condiJons	with	hadronic		
tags	only	

ExtrapolaJon	of	untagged	Belle	analysis	



CKM	UT	angles	
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Uncertain;es	on	UT	angles	will	be	
substan;ally	reduced	
	
CompeJJve	with	LHC-b		
In	addiJon	accurate	measurements	on	
many	final	states	(with	neutrals):	
		ex:	B!ππ, ρπ, ρρ	etc…	

Measurement	of	γ and	|Vub|	
can	have	the	role	of	seDng	the	
SM	baseline	for	interpreGng	
deviaGons	as	NP	signals	

Angle	 WA	2016		 Belle	II	

α 5o	 1o	

β 0.7o	 0.3o	

γ 7o	 1.5o	



FCNC	b	!	s	
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			Bà	K*	µ µ	decays	tension	with	SM	expecta;on	in	the	q2	distribuJon	
LHC-b	observes	3σ	disagreement	with	SM	expectaGon	and	will	dominate		
measurements	in	this	channel	
LHC-b	observes	a	2.5σ	deviaJon	from	SM		
in	RK*	=	BR(B	!	K*	e	e)	/	BR(B	!K*	µ µ)	
	
Belle	II:	smaller	staJsJcs	but	adds	

•  Clean	electron	mode	B	!	K(*)	e+	e-		compeJJve	with	LHC-b	
•  Inclusive	analysis	of	B	!	Xs	l+	l-		only	at	Belle	II	
•  Third	generaJon	B	!K	τ τ only	at	Belle	II
	
	
Bà	K(*)	ν ν	rare	and	out	of	reach	of	past	B-factories	and	LHC-b	

•  SM	expectaJon	BR	at	10-6	
•  Belle	II	expected	uncertainty	with	full	dataset	20%		



Charm	
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δx	 0.15%	

δy	 0.10%	

δ|q/p|	 0.05%	

δarg	|q/p|	 5o	

Belle	II	is	also	a	super	charm	factory.	
Expected	10x	improvements	w.r.t.	to	Belle	results	on	CP	violaJon	measurements	

Belle II Physics  /  Bryan Fulsom (PNNL)  /  ICHEP  /  2016-08-05 

New Physics in CPV, CKM, and charm 

9 

sin(2b) in ccs vs. sqq 
Deviation possible from NP contributions  
SM precision ~1% / Belle II 50ab-1 ~1.2% 

 
 

Unitarity triangle: a+b+g = 175or9o 

Belle II combined reach: 
 da~1o, db~0.3o, dg~1.5o 

+0.64r0.03 +0.682r0.019 sin(2b) 

Charm sector 
D0D0 mixing uncertainties @ 50 ab-1 

x~0.08%, y~0.05%, |q/p|~0.06, f~0.07 
Also CPV and rare decays 

Belle	II	projecJon	

Much	more	details	on	Giacomo	De	Pietro’s	poster!	



Lepton	flavour	violaJon	in	τ	decays	
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Lepton Flavour Violation (t) 

10 

Tau decay 
Large tt production cross section 
Coupling to NP due to mt 
Flavour and lepton/baryon number violation 

 
LFV in SM ~O(10-25) 
NP enhancement ~O(10-(7-10)) 
 
 
 
 
Belle II: Order of magnitude 
better for many modes 
 

(s ~0.9nb) 

t o lg t o 3l, lK 

See: K. Inami, Flavor 05 Aug 18:45 

LFV	in	τ	decays	clean	null	test	of	SM	

τ	!	µµµ	and	eee	background	free	searches	

LHCb	not	compeJJve	(?)	



Belle II Physics  /  Bryan Fulsom (PNNL)  /  ICHEP  /  2016-08-05 

New Physics with low multiplicity 

11 

Dark photon (A’) mixing with SM, light Higgs candidates, et al. 
Search strategies 

Invisible decay gA’(cc): monoenergetic photon search 
Development of specialized (single photon) triggers 
Consider also b(2S,3S)op+p-b(1S)ogA’ 

Belle II only way to extend reach in certain parameter space 

Dark	sector	
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Belle II Physics  /  Bryan Fulsom (PNNL)  /  ICHEP  /  2016-08-05 

New Physics with low multiplicity 

11 

Dark photon (A’) mixing with SM, light Higgs candidates, et al. 
Search strategies 

Invisible decay gA’(cc): monoenergetic photon search 
Development of specialized (single photon) triggers 
Consider also b(2S,3S)op+p-b(1S)ogA’ 

Belle II only way to extend reach in certain parameter space 

Dark	photon	A’	mixing	with	SM.		
For	A’	!	χχ	decays	a	custom	single	photon	trigger		is	being	developed	
Can	extend	reach	in	parameter	space	search	done	by	BaBar	!	Fabio	Anulli’s	talk		

BABAR	2017	



Conclusioni	
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Le	caraYerisJche	uniche	delle	collisioni	e+	e-	a	SuperKEKB		e	del	detector	
Belle	II	forniscono	un	grande	potenziale	di	scoperta.	
	
Il	programma	di	Fisica	è	compeJJvo	e	in	grande	parte	complementare	con	
quello	di	LHC-b	
	
Commissioning	acceleratore	e	circolazione	di	singoli	fasci.	Misure	dei	
background	e	validazione	simulazioni	(Fase	I).	Completato	nel	2016.	
	
Posizionamento	del	rivelatore	(roll	in)	avvenuto	l’11	Aprile	2017.		
	
Fase	II:	collisioni	e+	e-	senza	verJce	aYese	a	Febbraio	2018.	Data	taking	fino	
all’estate.	
	
Fase	III:	Data	taking	(in	condizioni	sicure	per	il	verJce)	aYeso	tra	Novembre	
2018	e	Gennaio	2019	
	


