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Isabelle Ripp-Baudot!
IPHC Strasbourg!

on behalf of the Belle II collaboration

Belle II status and early physics
❖ Belle II and SuperKEKB!
❖ Experiment schedule !
❖ On-going Phase 2 run!
❖ Beam induced background!
❖ First collisions in Belle II!
❖ Physics at Belle II!
❖ Opportunities of early scientific impact!
❖ Conclusion

Outline:



The	Belle	II	experiment
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❖ Legacy	of	B	factories,	BaBar	and	Belle:	!
❖ Precise	measurement	of	CPV	in	B	system.	  
!

❖ Nobel	prize	2008	to	Kobayashi,	Maskawa	(&	Nambu).	
!
❖ Belle	II	builds	on	the	excellent	B	factory	experience,	 
shiLing	focus	to	search	for	BSM	physics:	!

❖ Extremely	precise	measurements	in	the	quark	and	charged	lepton	sectors:	 
increased	staOsOcs	needed,	current	dataset×50.	!

❖ Quantum	manifestaOon	of	NP:	 
potenOal	higher	NP	mass	sensiOvity	than	Energy	FronOer.



The	SuperKEKB	collider
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e+	-	4	GeV	-	3.6	A	

e-	-	7	GeV	-	2.6	A	

beam	crossing	angle	83	mrad

verHcal	beam	size	
σy*	~	50	nm

3	km	ring

❖ Asymmetric	e+e-	circular	collider.	!
❖ Ecollision	=	mΥ(4S)	and	from	Υ(1S)	to	~	Υ(6S).	!
❖ New	nano-beam	collision	scheme:	  
instantaneous	luminosity	world	record	×40 
➛	8×1035	cm-2	s	-1.		!

❖ Hosted	at	KEK,	Tsukuba.
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Belle	II	calendar
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❖ SuperKEKB	switched	on	in	Jan.	2016:	single	beams	circulated	during	5	months	(BEAST	Phase	1).	
!

❖ First	collisions	delivered	in	Apr.	2018:	BEAST	Phase	2	commissioning,	March-July	2018.	
!

❖ Start	of	physics	run	scheduled	early	2019.  
Target	integrated	luminosiOes:	
❖ 2019-20:	1	ab-1	>	present	dataset.	
❖ 2021:	10	ab-1.	
❖ 2024:	50	ab-1	  

➛	SuperKEKB	is	a	B-D-τ	Factory: 
					55×109	BB,	  
					45×109	τ+τ-,	  
					65×109	cc.
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❖ Phase	2	data	taking:		
❖ March-July	2018.	
❖ First	collisions	delivered	on	April	26.	
!

❖ Increasing	the	luminosity:	
❖ Fine	tune	beam	parameters	up	to	1034	cm-2	s	-1.	
!

❖ Belle	II	commissioning:	
❖ Belle	II	at	interacOon	point,	w/o	vertex	detector.	
❖ OperaOon	of	detector	and	DAQ.	
❖ Performances:	parOcle	rediscovery	(V0,	π0,	…),	 

counOng	(luminosity,	B,	…),	lepton-id	(J/ψ➝ee,	µµ)	and	K/π-id	(D*+➝D0	(D0➝K-π+)	π+),	…	
!

❖ BEAST	SuperKEKB	induced	background	study:	
❖ Insure	safe	vertex	detector	operaOon.	
❖ Give	feedback	to	machine:	increase	luminosity	while	keeping	BG	under	control.	
❖ Validate	BG	simulaOon	and	extrapolate	of	over	~2	orders	of	magnitude	in	luminosity.	
!

❖ Physics	with	early	data:	
❖ ~20	r-1	and	w/o	vertex	detector.	
❖ Light	NP	searches	(dark	photons,	…),	quarkonium	studies,	…

On-going	Phase	2	run
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BEAST	and	beam	induced	background
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❖ Success	of	Belle	II	physics	program	relies	on	impact 
of	beam	induced	background:	  
❖ Possible	radiaOon	damage.	!
❖ Possible	degraded	physics	performances	due	to	high  

detector	occupancy.	!
!

❖ BEAST	BG	study,	in	2	Phases:		!
❖ Phase	1,	Feb.-June	2016:		

❖ Belle	II	not	at	IP,	no	solenoid,	no	final	focus,	dedicated	sensors	in	place	of	Belle	II.	
❖ CirculaOon	of	individual	beams:	study	of	single	beam	BG,	published	in	NIM	A	2018:	arXiv:1802.01366.	!

❖ Phase	2,	March-July	2018:		
❖ Belle	II	@IP,	dedicated	sensors	in	place	of	vertex	detector	(1	phi-module	of	PXD+SVD	installed).	
❖ Collisions:	study	of	single	beam	&	beam-beam	BG.

Belle	at	KEKB Belle	at	SuperKEKB

IllustraOon	of	impact	from	beam	induced	BG

BEAST	Phase	1	at	IP BEAST	Phase	2	before	inserHon	in	inner	tracker	volume

https://arxiv.org/pdf/1802.01366.pdf


Breaking	news:	first	collisions	in	Belle	II			(1)

7

April	26,	2018	
All	Belle	II	sub-detectors	register	collisions.

❖ Collision	tuning	to	reach	1034	cm-2	s-1	adiabaOcally 
(starOng	e.g.	from	4.7×1032	cm-2	s-1	,	as	of	May	5):	!
❖ Squeeze	βy*=	8mm	➛	3	mm	(final	goal	➛	2	mm).	!
❖ Increase	I±	=	250	mA	/	220	mA	➛	1	A	/	0.88	A.	!
❖ Increase	beam	parameter	ξ±y	~0.014	➛	0.03.	!
❖ Increase	number	of	bunches	=	600	➛	1576.	!
																							Improving	every	day!	
!

❖ ParOcle	“rediscovery”	in	Belle	II,	with	first	data:

Hadronic candidate 
event!
exp3  run125  ev223!
Apr. 26, 2018

IP	size:	σx	=	400	µm	,	σy	=	4	µm	
Peak	luminosity:	7-9×1031	cm-2	s-1

π0➝	γ	γ	in	dataKS0	➝	π+	π-	in	data



❖ Update	of	Belle	II	sensiOviOes:	  
Belle	II	Theory	Interface	Pla}orm	(B2TIP)	  
(to	be	published	soon	in	Prog.Theor.Exp.Phys.).
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Physics	at	Belle	II
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❖ Unique	skills	of	Belle	II	for:	!
❖ inclusive	measurements:	B	➝	Xsγ,		B	➝	Xsℓ+ℓ-,	…	!
❖ events	with	missing	energy:	B+	➝	τ+ν,		B	➝	D(*)τν,	τ	decays,	…	!
❖ events	with	neutrals:	B0	➝	KS0π0γ,		B0	➝	KS0KS0KS0,	B0	➝	γγ,	… ➛	good	complementary	with	LHCb.

➛	significant	hardware	& 
					soLware	improvement	  
					w.r.t.	Belle.

Flavour	tagging:	
∑	εi	×	(1	-	2ωi)2		=	37.4	%	
(was	30.1	%	in	Belle)

B2TIP	document

Full	Event	InterpretaOon:

B2TIP		
document

(Belle	II	MC)

see next talk by Ami Rostomyan
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Early	physics:	quarkonia	and	exoHcs
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❖ Plethora	of	quarkonium-like	states	observed	in	the	last	decade:	

Post	B-factories	era	quarkonium	spectra	

❖ Belle	II	features	unique	skills	for	further	bo�onium-	and	charmonium-like	characterisaOon:	!
❖ Various	producOon	modes,	e.g.	of	charmonia:	ISR,	B-decays,	two-photon,	double-charmonium.	!
❖ Energy	scans	at	/	above	/	below	thresholds,	from	Υ(1S)	to	Υ(6S),	possibly	11.35	GeV	(ΛbΛb	threshold),	

11.5-11.6	GeV	(partners	of	X(3872)	and	Zb(10610),	Zb(10650)).	!
❖ Many	properOes	can	be	measured:	absolute	and	inclusive	branching	raOos,	angular	distribuOons,	spin-

parity,	line	shapes,	final	states	involving	neutrals,	…	!
❖ Very	small	exisOng	datasets:	increased	stat.×10,	10	r-1	per	10	MeV-scan	point,	500	r-1	at	each	new	

vector	state.

glueballhybridtetraquark
hadronic	
molecule

Charmonium-like	producOon	modes

➛	opportunity	for	Belle	II	of	a	possible	unique	early	scienOfic	impact.



❖ ParOcularly	relevant	with	Phase	2	data:		!
❖ Low	luminosity	and	lower	beam	background	allow	to	open	up	triggers.	!
❖ Small	dataset	can	sOll	give	world	best	sensiOvity.

Early	physics:	the	dark	sector

10

❖ Light	dark	ma�er	and	light	mediator	searches	in	Belle	II:		!
❖ Dark	photons,	dark	higgs,	axion-like	parOcles	(ALPs),	mass	scale	~GeV	or	sub-GeV.	!
❖ ProducOon,	e.g.:	e+e-	➝	M+X,	e+e-	➝	Υ(ns)	➝	M+X,	e+e-	➝	B+X	➝	K+M+X.	

!
❖ Example:	on-shell	dark	photon	decaying	to	invisible	DM:		!

❖ Signal:	single,	mono-energeOc,	high-E	photon	&	peak	in	recoil	mass.	!
❖ Single	Photon	trigger	with	1	GeV	threshold.

γISR

B2TIP	document MA’	=	3	MΧ	
gΧ	=	0.3

Belle	II	calo	more		
hermeOc	than	BaBar

B2TIP	document



Conclusion	and	outlooks
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❖ Belle	II	has	started	successfully	taking	data.	
!

❖ Belle	II	will	play	a	key	role	in	parOcle	physics:	!
❖ Accumulated	experience	from	Belle	&	BaBar.	!
❖ Unique	skills	for	various	measurements.	!
❖ Good	opportuniOes	of	early	scienOfic	impact.	!
❖ Huge	dataset	of	50	ab-1:		many	measurements	  

will	start	to	be	syst.	limited	  
➛	lots	of	work	ahead!	

!
❖ Expected	experimental	performances	oLen	improve	w.r.t.	Belle	despite	20×	higher	beam	
induced	background	and	lower	boost.	

!
❖ Looking	forward	to	the	next	decade	of	exciOng	Belle	II	results! 

Stay	tuned:			h�ps://twi�er.com/belle2collab				h�ps://www.facebook.com/belle2collab			and	like	us!

Belle	II	control	room,	April	26,	2018,	at	00:38	am

https://twitter.com/belle2collab
https://www.facebook.com/belle2collab


thank you for your attention
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Belle	II	detector
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SuperKEKB	parameters

14



SuperKEKB	beam	energy
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BEAST	Phase	1	beam	background	study

16

BEAST	Phase	1	dedicated	sensors	at	IP	(picture	and	CAD).

PublicaOon	in	NIM	A,	2018:	
First	Measurements	of	Beam	Backgrounds	at	SuperKEKB	
	arXiv:1802.01366
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https://arxiv.org/pdf/1802.01366.pdf


❖ Inclusive	and	exclusive	Leptonic	and	Semi-leptonic	B	decays,	|Vub|	and	|Vcb|: 
B➝τν,	B➝µν,	B➝D(*)τν,	B➝π	τ	ν,		B➝Xc	τ	ν,	B➝D**ℓν,	B➝πℓν,	Bs➝Kℓν,	B➝Xuℓν,	B(s)➝Xcℓν,	…	!

❖ RadiaOve	and	electroweak	Penguin	B	decays: 
B➝Xs,dγ,	B(s)➝Vγ,	B(s)➝γγ,	B➝Xsγγ,	B➝Xs,dℓℓ,	B➝K(*)ℓℓ	(inclunding	τ	τ),	B(s)➝τ	τ,	B➝K(*)ν	ν,	Bd,s➝ν	ν,	b➝q	τ	τ,	…	!

❖ Time	Dependent	CPV,	β	and	α: 
B➝J/ψKS,	B➝J/ψπ0,	B➝φK0,	B➝η’K0,	B➝ωKs,	B➝KS	π0,	B➝KSπ0γ,	B➝ππ,	B➝π0π0,	B➝ρρ,	B➝ρπ,…	!

❖ DeterminaOon	of	γ.	!
❖ Charmless	hadronic	B	decays	and	direct	CPV: 

B➝ρK*,	B➝K*π,	…	!
❖ Charm	physics:	!
❖ Quarkonium-like	physics.	!
❖ τ	physics:	cLFV	decays,	CPV,	…	!
❖ Dark	sectors	and	Light	Higgs.

B2TIP	document
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Belle	II	Physics	Book	to	be	published	soon	in	PTEP:	update	of	Belle	II	sensiOvity	studies.  
See	Belle	II	Theory	Interface	Pla}orm:	h�ps://confluence.desy.de/display/BI/B2TiP+WebHome

https://confluence.desy.de/display/BI/B2TiP+WebHome


Available	datasets
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