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➤	Nano-beam	scheme	
					●	E	(LER/HER):	3.5/8	➟	4/7	GeV	
					●	βy*	(LER/HER):	5.9/5.9	➟	0.27/0.3	mm	
					●	Ibeam	(LER/HER):	1.7/1.4	➟	3.6/2.6	A	
					●	ξy:	0.09	➟	0.09	
					●	Crab	waist:	op;onal	
					●	L:	2.1	➟	80	x1034cm-2s-1	

➤	Phase	I	
					●	w/o	QCS	and	Belle-II	
					●	Feb.	-	Jun.,	2016	
➤	Phase	II	
					●	w/	QCS	and	Belle-II	
					●	w/o	Vertex	detector	
					●	Around	Nov.	2017	(~5	months)	
➤	Phase	III	
					●	w/	Full	Belle-II	including	VXD	
					●	Afer	summer	of	2018
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➤	Machine	parameters

Courtesy	of	Y.	Ohnishi,	NAPAC16

Phase	III	(w/	IBS)

Phase	I	(w/o	IBS)
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➤	Tasks	for	Phase	I	commissioning	
					●	Prepara;ons	
									➢	Hardware	tunings	with	beam	
									➢	Opera;on	sofware	tests	with	beam	
					●	Vacuum	scrubbing	
					●	Low	emiAance	tuning	
									➢	Machine	imperfec;ons	and	countermeasures	
									➢	Target:	ver;cal	emiAance	<10	pm	
					●	Studies	on	intensity-dependent	phenomena	
									➢	Beam	background	measurement	with	Beast	detector	
									➢	Electron	cloud	effects	
									➢	Impedance	measurements	
									➢	…	…	
➤	Experiences	of	KEKB	benefit	SuperKEKB	
					●	Reuse/upgrade	of	KEKB	hardwares	and	sofwares	
					●	Well	developed	commissioning	strategy
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➤	Early	milestones	
					●	Feb.1:	Beam	transport	to	BT	=>	BT	tuning	
					●	Feb.8:	Beam	delivered	to	LER	
					●	Feb.10:	Beam	stored	in	LER	=>	LER	tuning	
					●	Feb.22:	Beam	delivered	to	HER	
					●	Feb.26:	Beam	stored	in	HER	=>	HER	tuning

2. Vacuum scrubbing

Courtesy	of	Y.	Ohnishi,	NAPAC16
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2. Vacuum scrubbing
➤	Afer	3	months	from	start		
					●	KEKB	(LER/HER):	~300/~200	mA	
					●	SuperKEKB	(LER/HER):	~650/~590	mA	
					●	KEKB	experiences	=>	Efficient	commissioning,	less	hardware	failures,	…

Courtesy	of	Y.	Funakoshi
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2. Vacuum scrubbing
➤	Vacuum	chambers	
					●	LER:	~93%	renewed	
					●	HER:	~82%	reused

Courtesy	of	Y.	Suetsugu

LER HER
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2. Vacuum scrubbing
➤	Achieved	
					●	LER	
									➢	Base	pressure:	~5x10-8	Pa	
									➢	Ave.	pressure:	~1x10-6	Pa	
									➢	Ibeam:	~1.01	A	
									➢	𝛕beam:	~70	min	
					●	HER	
									➢	Base	pressure:	~3x10-8	Pa	
									➢	Ave.	pressure:	~1x10-7	Pa	
									➢	Ibeam:	~0.87	A	
									➢	𝛕beam:	~400	min

Courtesy	of	Y.	Suetsugu
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2. Vacuum scrubbing
➤	Pressure	rise	and	expected	photon	s;mulated	gas	
desorp;on	rate

Courtesy	of	Y.	Suetsugu

LER HER
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3. Low emittance tuning
➤	Tools	for	op;cs	correc;on	
					●	Op;cs	and	orbit	servers	
					●	Con;nuous	Closed	orbit	Correc;on	(CCC)	
					●	Tune	changer	
					●	Op;cs	measurement	and	correc;on	
					●	Local	bump	control	
					●	…	…	
➤	Prepara;ons	before	fine	low	emiAance	tuning	
					●	Check	polarity	of	magnets	with	beam	
					●	Check	BPM	system	(cabling,	resolu;on,	stability,	…)	
					●	Beam	Based	Alignment	(BBA)	
					●	…	…	
➤	Op;cs	measurements	based	on	orbit	response	
					●	X-Y	coupling:	Measure	leakages	in	vert.	orbits	by	hor.	kicks	
					●	Dispersion:	Measure	response	by	changing	RF	frequency	
					●	Beta	func;on:	Measure	orbit	response	by	steering	kicks

Courtesy	of	H.	Sugimoto
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3. Low emittance tuning
➤	Strategy	for	op;cs	tuning

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	Fine	low	emiAance	tuning	
					●	Use	itera;on	instead	of	full	response	matrix	method	

					●	The	3	correc;ons	are	correlated	with	each	other,	but	interference	assumed	
to	be	small	since	the	diagonal	parts	of	transfer	matrix	dominate	
					●	For	one	ring,	the	itera;on	(loop	of	correc;ons	in	X-Y	coupling,	dispersion	
and	beta	func;on)	converges	typically	in	30-60	min

X-Y	coupling Dispersion

Beta	func;on
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3. Low emittance tuning
➤	Beta	func;on	correc;on:	LER	
					●	Before	correc;on

Courtesy	of	H.	Sugimoto
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3. Low emittance tuning
➤	Beta	func;on	correc;on:	LER	
					●	Afer	correc;on

Courtesy	of	H.	Sugimoto
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3. Low emittance tuning
➤	Tune	chroma;city	measurement:	HER	
					●	Good	agreement	with	op;cs	model

Courtesy	of	H.	Sugimoto
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3. Low emittance tuning
➤	Tune	chroma;city	measurement:	LER	
					●	Remarkable	discrepancy	against	op;cs	model

Courtesy	of	H.	Sugimoto
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3. Low emittance tuning
➤	X-Y	coupling	correc;on:	LER	
					●	Leakages	in	vert.	orbits	induced	by	6	kinds	of	horizontal	dipole	correctors

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	X-Y	coupling	correc;on:	LER

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	X-Y	coupling	correc;on:	LER

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	X-Y	coupling	correc;on:	LER	
					●	History	of	global	X-Y	coupling

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	X-Y	coupling	correc;on:	HER

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	X-Y	coupling	correc;on:	HER
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3. Low emittance tuning
➤	X-Y	coupling	correc;on:	HER	
					●	History	of	global	X-Y	coupling

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	Performance	of	op;cs	correc;on	
					●	Achieved	in	the	end	of	Phase	I

Courtesy	of	Y.	Ohnishi,	NAPAC16
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3. Low emittance tuning
➤	Es;mate	of	vert.	emiAance

Courtesy	of	Y.	Ohnishi



30

3. Low emittance tuning
➤	Es;mate	of	vert.	emiAance:	LER

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	Es;mate	of	vert.	emiAance:	HER

Courtesy	of	Y.	Ohnishi
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3. Low emittance tuning
➤	Compare	with	es;mate	from	X-ray	beam	size	monitor	
					●	LER:	Almost	agree	
					●	HER:	Huge	discrepancy	(to	be	understood)

Courtesy	of	Y.	Ohnishi
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4. Beam background
➤	Items	to	be	studied	
					●	Touschek,	vacuum	and	injec;on	backgrounds	
					●	Collimators	for	reducing	background

Courtesy	of	H.	Nakayama
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4. Beam background
➤	Beam	gas	backgrounds	reduce	with	vacuum	scrubbing

Courtesy	of	H.	Nakayama
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4. Beam background
➤	Measured	Touschek	life;me

Courtesy	of	H.	Nakayama
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5. Electron cloud
➤	Effect	of	antechamber	and	TiN	coa;ng	in	LER	
					●	Use	electron	current	monitor	to	detect	e-cloud	
					●	Compared	with	KEKB	
					●	When	Ibeam<400mA,	e-cloud	well	suppressed	
					●	When	Ibeam>500mA,	e-clould	build	up	w/o	TiN	coa;ng

Courtesy	of	Y.	Suetsugu
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➤	Effect	of	clearing	electrodes	in	LER	
					●	Clearing	electrodes	installed	in	the	wiggler	sec;ons	
					●	Use	electron	current	monitor	to	detect	e-cloud	
					●	Fixed	beam	current:	Electron	current	saturates	at	~100	V	
					●	Fixed	DC	300	V:	Electron	current	independent	of	filling	paAern	=>	Likely	
evidence	of	secondary	photoelectron

Courtesy	of	Y.	Suetsugu

5. Electron cloud
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➤	Nonlinear	pressure	rise	caused	by	aluminium	bellows	
					●	Bellows	fabricated	w/o	TiN	coa;ng	

Courtesy	of	Y.	Suetsugu

5. Electron cloud
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➤	Nonlinear	pressure	rise	caused	by	aluminium	bellows	
					●	Countermeasures:	permanent	magnets	or	solenoid	windings

Courtesy	of	Y.	Suetsugu

5. Electron cloud
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➤	Vert.	beam-size	blowup	(from	XRM)	in	LER	
					●	Threshold:	depend	on	filling	paAern	and	increase	with	vacuum	scrubbing	
					●	Varied	condi;ons:	#	of	trains,	#	of	bunches	in	each	train,	#	of	buckets	for	
bunch	spacing

Courtesy	of	Y.	Suetsugu

5. Electron cloud
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➤	Electron	cloud	density	at	the	blowup	threshold	
					●	Before	installa;on	of	permanent	solenoid	at	bellows	
					●	Varied	condi;ons:	#	of	trains,	#	of	bunches	in	each	train,	#	of	buckets	for	
bunch	spacing

Courtesy	of	K.	Ohmi

5. Electron cloud
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➤	Electron	cloud	density	at	the	blowup	threshold	
					●	Afer	installa;on	of	permanent	solenoid	at	bellows	
					●	Varied	condi;ons:	#	of	trains,	#	of	bunches	in	each	train,	#	of	buckets	for	
bunch	spacing

Courtesy	of	K.	Ohmi

5. Electron cloud
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➤	Transverse	impedance	
					●	Tune	shif	as	func;on	of	bunch	current

6. Impedance

Courtesy	of	K.	Ohmi



Schema'c	of	a	horizontal-type	collimator� Collimator	installed	in	the	tunnel�
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➤	Collimator	
					●	Two	PEP-II	type	collimators	fabricated	and	installed	to	LER	
					●	Tested	with	beam	=>	Worked	well	and	no	excess	hea;ng	at	bellows	behind	
					●	Transverse	impedance	simulated	and	compared	with	measurement	in	tune	
shif	=>	Good	agreement

Courtesy	of	Y.	Suetsugu

6. Impedance
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➤	Longitudinal	impedance	
					●	Measure	bunch	lengthening	using	streak	camera	
					●	Asymmetric	Gauss	fixng	(Mathema;ca)	
					●	Compare	with	MWI	simula;ons	

➤	RF	tuning	
					●	RF	voltages	are	measured	via	power	meter.	The	uncertainty	of	RF	voltage	
for	each	cavity	is	~±5%	
					●	The	RF	phase	for	each	cavity	is	tuned	to	maximise	the	measured	
synchrotron	tune	
					●	The	RF	phase	is	automa;cally	determined	by	the	balance	between	RF	
accelera;on	and	SR+HOM	loss.	
					●	Afer	RF	phase	op;miza;on,	measured	synch.	tune	is	compared	with	
analy;c	formula	=>	Good	agreement	at	low	bunch	current

6. Impedance

 (z) = I0 ⇤ e
� (z�z̄)2

2[1+sign(z�z̄)A]2�2 + I1
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➤	Longitudinal	impedance:	LER	
					●	Fixng	model:	f(Ib)=a*Ib+b	
					●	σz	from	SAD	simula;on:	4.6,	5.3,	6.8mm	at	zero	current	
					●	Large	discrepancy	in	zero-current	bunch	length	between	SAD	simula;on	
and	measurements

6. Impedance
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Simulation: Vrf=7.7MV

f1(Ib)=5.41+2.17Ib	
f2(Ib)=5.95+2.35Ib	
f3(Ib)=7.58+2.21Ib	
f4(Ib)=4.58+0.59Ib
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➤	Longitudinal	impedance:	LER	
					●	Bunch	length	as	func;on	of	RF	voltage	
					●	Bunch	current	0.25->0.11mA	(Vrf=3.8->7.7MV)	
					●	Measured	bunch	length	~20%	larger	than	model	=>	Systema;c	error	in	
stream	camera	system?

6. Impedance
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Bi-Gaussian fit/1.2



51

➤	Longitudinal	impedance:	HER	
					●	Fixng	model:	f(Ib)=a*Ib+b	
					●	σz	from	SAD	simula;on:	5.3,	6.2,	7.8mm	at	zero	current	
					●	Large	discrepancy	in	zero-current	bunch	length	between	SAD	simula;on	
and	measurements

6. Impedance

f1(Ib)=6.13+1.44Ib	
f2(Ib)=7.03+1.54Ib	
f3(Ib)=8.69+1.71Ib	
f4(Ib)=5.34+0.88Ib
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➤	Longitudinal	impedance:	HER	
					●	Bunch	length	as	func;on	of	RF	voltage	
					●	Bunch	current	0.11->0.1mA	(Vrf=6.2->12.48MV)	
					●	Measured	bunch	length	~10%	larger	than	model	=>	Systema;c	error	in	
stream	camera	system?

6. Impedance
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7. Plan for Phase II and III commissioning
➤	From	Phase	I	to	Phase	II	

Courtesy	of	K.	Akai,	KEKB	MAC	2016
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7. Plan for Phase II and III commissioning
➤	Opera;on	schedule	

Courtesy	of	K.	Akai,	KEKB	MAC	2016
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7. Plan for Phase II and III commissioning
➤	Schedule	for	IR	construc;on	

Courtesy	of	N.	Ohuchi,	24th	B2GM,	Jun.	2016
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7. Plan for Phase II and III commissioning
➤	Machine	parameters	
					●	Phase	II	target:	1x1034	cm-2s-1	

Courtesy	of	Y.	Ohnishi,	24th	B2GM,	Jun.	2016
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7. Plan for Phase II and III commissioning
➤	Op;cs	tuning	strategy	for	Phase	II	
					●	Step-by-step	squeezing	βx,y*	

Courtesy	of	Y.	Ohnishi,	24th	B2GM,	Jun.	2016



➤	Very	op;mis;c	from	beam-beam	simula;ons	
					●	Assume	emiAance	coupling	=	2%	
					●	Space-charge	effect	is	not	important	
					●	Laxce	nonlinearity	is	not	very	important	
					●	L=1x1034	cm-2s-1	is	promising	
					●	Even	L=10x1034	cm-2s-1	is	possible

59

7. Plan for Phase II and III commissioning
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8. Summary
➤	With	KEKB	experiences,	the	Phase	I	commissioning	of	
SuperKEKB	went	smoothly	
					●	Hardware	tuning	
					●	Vacuum	scrubbing	
					●	Beam	background	
➤	Low	emiAance	tuning	
					●	Op;cs	correc;on	well	done	
					●	Leakage	fields	of	Lambtrson	magnet	set	an	obstacle	but	not	
serious	
					●	Vert.	emiAance	<10pm	almost	achieved	
					●	E-cloud	effects	unexpected	but	well	understood	from	simula;ons	
➤	Some	issues	to	be	understood	
					●	Tune	chroma;city	in	LER	
					●	X-ray	monitor	measurement	in	HER	
					●	Streak	camera	measurement	and	bunch	lengthening	
					●	…	…
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Thanks for your attention!


