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Introduc.on	

•  Belle	II	is	par.cle	
physics	experiment	
at	KEK	(Japan)	that	
will	explore	the	
physics	of	B	and	
charmed	mesons	
and	τ	leptons	from	
the	year	2018	on	
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SuperKEKB	
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New	Physics	through	precision	

•  Belle	II	is	at	the	precision	
fron.er	–	aims	at	
accumula.ng	50	.mes	
more	data	than	previous	
experiments	(Belle/BaBar)	
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CKM	Physics	

L.	Wolfenstein	(1923-2015)	

M.Kobayashi	 T.Maskawa	N.	Cabibbo	

to	O(λ3)	
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⇒	

β	=	φ1	

α	=	φ2	

γ	=	φ3	

ρ	

η	

(1,0)	(0,0)	

(ρ,η)	

B0	→	J/ψKS	

B	→	ππ,	ρπ	

B	→	D(*)K(*)	Dalitz	

B	→	Xlν	
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The	CKM	unitarity	triangle	

Big	Ques.ons:	Are	determina2ons	of	angles	consistent	with	
determina2ons	of	the	sides	of	the	triangle	?	Are	angle	
determina2ons	from	loop	and	tree	decays	consistent	?		



		

B0→J/ψK0	
_	B0→J/ψK0	

Discovery	of	CP	viola?on	
in	the	B	meson	system	(2001)	

Confirma?on	of	CKM	unitarity	(~2005)	

Rate	of	the	decay	B0	(B0)	
→J/ψK0	as	a	func.on	of	the	
decay	.me	difference	of	
the	two	Bs	in	Y(4S)	→	BB	
events		
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Belle/BaBar:	a	success	story	
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Will	CKM	unitarity	hold	at	Belle	II?	
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The	angle	γ/φ3	
A	fierce	
compe.on	
between	Belle	II	
and	LHCb	

EU	grant	n.644294	



Rare	decays,	
charm	physics,	
…	
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Belle	II	will	push	many	limits	below	10-9	;	
LHCb	has	very	limited	capabili.es.	

Example	of	the	decay	
topology	

Tau	lepton	flavour	viola.on	
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Searching	for	dark	maoer	
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Searching for Dark Matter Searching for Dark Matter 
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Indirect detection

Direct production @ colliders
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Search for events with 
missing energy, particle 
disappearance, dark 
forces, etc.

Search for interaction of DM 
particles with (usually) 
underground detectors: 
heat, scintillation light, etc.. 

Space/earth based 
experiments: gamma ray 
energy excess, anti-particle 
excess, HE neutrinos etc.

   PHYSICS SEMINAR            HEPHY, Vienna-Austria                 Gianluca Inguglia (DESY)
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Quarkonium-like	states	
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Quarkonium	

Exo.c	states	
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Objec.ves	of	WP1	
Exploit	the	physics	poten2al	of	Belle	II	by	
	
•  Task	1.1:	Developing	the	detector-related	
so6ware	(charged	track	reconstruc.on,	
alignment,	par.cle	iden.fica.on,	…)	

•  Task	1.2:	Implemen.ng	so6ware	tools	for	
physics	analysis	

•  Task	1.3:	Iden.fy	the	key	measurements	for	
Belle	II	(Belle	II-theory	interface	plaqorm)		
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Belle	II	collabora.on	map	

•  100	Belle	II	ins.tu.ons	in	23	countries:	WP1	
typically	uses	secondments	for	aoending	
collabora.on	mee.ngs/workshops	at	KEK	
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WP1	results	
•  Secondments	
– Total	secondments:	259	days	(8.6	months)	
– Started	secondments	(un.l	August	2016):	15	
– Planned	months	(un.l	August	2016):	19	

•  Deliverables	D1.1	(offline	workshop)	and	D1.2	
(Belle	II	tutorials)	achieved	in	.me		
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INFN	 HEPHY	 IFJ	PAN	 UKP	 JSI	 METU	 CNRS	

Seconded	
days	

114	 31	 64	 0	 26	 0	 24	

Planned	
(month)	

5	 2	 3	 2	 3	 2	 2	
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VXDTF	–	track	finder	for	low	
momentum	par.cles	
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VXDTF	performance	

16	

13

Advance in the Cellular Automaton
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Used	for	the	analysis	of	
the	April	2016	testbeam	
data	taken	at	DESY	
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Legendre	track	finder	for	CDC	
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The new CDC track finder is able to identify tracks on cosmic rays events with an 
efficiency close to 100% (i.e. each triggered event contains at least one track). 
A few interesting events with more than one particles are also correctly 
reconstructed. All the CDC hits are represented.  
The hits belonging to the same track are in same color. 
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Full	event	interpreta.on	
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B2TiP	
•  The	“Belle	II	Theory	Interface	Plaqorm”	is	a	
joint	theory-experiment	effort	to	define	the	
Belle	II	physics	program	

•  B2TiP	is	organized	in	9	working	groups	
•  The	charge	of	each	WG	is	to	iden.fy	the	
“golden	modes”,	perform	simula.on	studies	
and	finally	produce	a	chapter	of	the	B2TiP	
report	

•  The	ac.vity	is	driven	by	a	series	of	workshops	
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B2TiP	WG	structure	
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WG1	 Semileptonic	&	Leptonic	B	decays	
WG2	 Radia.ve	&	electroweak	penguins	
WG3	 α	(φ2)	and	β	(φ1)	
WG4	 φ3	
WG5	 Charmless	hadronic	B	decays	
WG6	 Charm	physics	
WG7	 Quarkonium-like	states	
WG8	 Tau,	low	mul.plicity	and	electroweak	

physics	
WG9	 New	Physics	(models)	
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B2TiP	workshop	series	
1.  October	30-31,	2014	@	KEK	
2.  April	27-29,	2015	@	Krakow	
3.  October	28-29,	2015	@	KEK*)	
4.  May	23-25,	2016	@	Piosburgh*)	
5.  November	15-17,	2016	@	MIAPP	Munich	

(editorial	mee.ng)	
plus	the	kickoff	mee.ng	June	16-17,	2014	@	KEK	
and	a	few	focused	mee.ngs	
*)	co-funded	by	JENNIFER	
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Achievements	(by	May	2016)	
•  Iden.fied	priority	modes	and	benchmarks	for	each	
group	

•  Developed	advanced	physics	analysis	framework:	
capable	of	full	analysis	

•  FEI	(B	reconstruc.on),	flavour	tagging,	missing	energy	
so6ware	ready	

•  5/ab	MC	delivered,	O(30)	analysts	preparing	sensi.vity	
studies	

•  Accurate	feasibility	studies	performed	
•  Performance	of	the	detector	and	so6ware	measured	
and	itera.ng	

•  Working	versions	of	trigger	tools	for	low	mul.plicity	
analyses	available	
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BR Stat Error [%] in 700 fb-1 Belle/
*Babar B2BII MC Belle II 

MC5

B → π l ν untagged, M. Lubej 1.9 - 1.3
Bs → K l ν untagged @Y(5S) A. Zupanc - 7.5 -	
B → τ ν Had tag, M. Merola 38 34
B → K*+ ν ν Had tag Cut&Count, E. Manoni *<2.9⋅10-4 <3.7⋅10-4

•  Analysis tools: Rest-of-Event, Untagged SL, FEI/Full-
recon, optimized γ/π0 selection  

•  Semileptonic & Leptonic WG 1&2 : 4 Full simulation 
studies including beam background@B2TiP Pitt



•  Full simulation studies of 5 modes @ B2TiP Pitt. 
Belle II sensitivity improvements. 

Stat. Precision with 710 fb-1 SCP ACP Δt [ps] resol.

Belle Belle II 
MC5 Belle Belle II 

MC5 Belle Belle II 
MC5

B → KS KS KS, P. Jäger 0.27 0.19 0.17 0.11
B → η’ (η→γγ) KS, S. Lacaprara 0.15 0.12 0.10 0.09

B → Φ(KK) KS, A. Gaz NA 0.75
B → J/ψ  KS, L. Li Gioi 0.92 0.71
B → π0 π0 (→eeγ), F. Abudinen NA 1.5

WG3 Time Dependent CP Violation	

Analysis tools: mdst KS, flavour tagging, tag-vertex, continuum 
suppression.  
Homework: KL, e tracks, QED background, B2BII direct cross-check 
Theory: Penguin pollution needs precision Γ(B+)/Γ(B0). 



•  WG4 (Φ3/γ) and 6 (Charm) 4 full simulation based studies @ 
B2TiP Pitt 
•  Φ3 from B → D[KSππ] K±, I. Watson  
•  D semileptonics, J. Bennett 
•  D tagging, G. de Pietro 
•  D mixing and CPV, A. Schwartz, G. Casarosa 

Preparation for first data   
L1 Trigger Menu for Low Multiplicity Physics evaluated with 

L1 emulator.  
https://d2comp.kek.jp/record/314/files/BELLE2-NOTE-
PH-2015-011.pdf 

Preparing for systematic uncertainty measurements 
https://d2comp.kek.jp/record/345/files/BELLE2-NOTE-
PH-2016-001.pdf 



B2TiP	report	status	
(as	a	B2TiP	May	2016)	
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B2TiP	.meline	
•  2016	key	dates	

–  May	B2TiP	Piosburgh	–	presenta.on	of	1/ab	to	5/ab	studies	
–  June	MC6	produc.on	based	on	so6ware	release	7	(removal	of	
legacy	tracking,	more	beam	background	processes);	to	be	used	
in	some	studies		

–  July	First	dra6	of	each	chapter	sent	for	so6	review	–	VERSION	1	
–  September	Deadline	for	response	from	reviewers	
–  Oct	31	Hard	deadline	for	delivery	of	chapters	for	review	prior	
to	the	MIAPP	B2TiP	workshop	–	VERSION	2		

–  Nov	15-17	B2TiP	Editorial	mee.ng	
–  	Dec-Feb	Edi.ng	and	review;	we	will	discourage	new	
contribu.ons	in	this	period	–	FINAL	VERSION	
	

•  Journal	submission:	March	31,	2017	
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Summary	
•  The	Belle	II	experiment	has	a	rich	physics	case	and	will	

study	decays	of	B	and	charmed	mesons	and	tau	leptons	
from	2018	

•  WP1	is	helping	the	exploita.on	of	Belle	II	physics	through	
suppor.ng	offline-so6ware	development,	implementa.on	
of	analysis	tools	and	the	B2TiP	ac.vity	

•  WP1	secondments	are	proceeding	within	schedule,	
deliverables	D1.1	(offline	workshop)	and	D1.2	(Belle	II	
tutorials)	have	been	achieved	

•  The	prepara.on	of	the	B2TiP	report	is	on	its	way,	aiming	
for	journal	submission	by	the	end	of	March	2017	
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