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➤	Poten2al-well	distor2on	
➤	Betatron	tune	shi=	(single	bunch)	
➤	Beam	2lt	due	to	transverse	impedance	
➤	Other	collec2ve	effects



➤	Three	types	of	effects	important	to	SuperKEKB	
					●	Bunch	lengthening	=>	Direct	luminosity	loss	
					●	Shi=	of	center	of	mass	=>	RF	phase	shi=	
					●	Bunch	profile	2lt	=>	Op2mum	RF	phase
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1. Poten2al-well	distor2on



➤	Impedance	budget	in	Phase-1,	Phase-2	and	Phase-3	
					●	Installed	in	Phase-3	(Thanks	to	Y.	Suetsugu):	
									HER:	D01-H3	
									LER:		D03-H1,	D02-H1,	D02-H2,	D06-V2
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	HER	
					●	Pseudo	Green	func2on	wake	with	0.5	mm	Gaussian	bunch	
					●	The	main	difference	of	impedance	sources	between	the	three	phases	is	
from	collimators
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	HER	
					●	Wake	poten2al	with	5	mm	Gaussian	bunch	
					●	The	main	difference	of	impedance	sources	between	the	three	phases	is	
from	collimators
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	HER	
					●	Comparison	of	Phase-1,	Phase-2	and	Phase-3	
					●	MWI	threshold	above	1.5	mA	
					●	The	main	difference	of	impedance	sources	between	the	three	phases	is	
from	collimators
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	HER	
					●	Comparison	of	Phase-1,	Phase-2	and	Phase-3	
					●	MWI	threshold	above	1.5	mA	
					●	The	main	difference	of	impedance	sources	between	the	three	phases	is	
from	collimators
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	HER	
					●	Shi=	of	center	of	mass	=>	RF	phase	shi=	
					●	Bunch	profile	2lt	=>	Op2mum	RF	phase	
					●	To	be	inves2gated:	Effects	on	luminosity	and	interplay	with	beam-beam	
effects

9

1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	HER	
					●	Shi=	of	center	of	mass	=>	RF	phase	shi=
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1. Poten2al-well	distor2on

Phase-1:	σz0=5.27	mm	
Phase-2:	σz0=5.33	mm	
Phase-3:	σz0=5.05	mm



➤	Simula2on	results	of	MWI:	LER	
					●	Pseudo	Green	func2on	wake	with	0.5	mm	Gaussian	bunch		
					●	Comparison	of	Phase-1,	Phase-2	and	Phase-3	
					●	The	main	difference	of	impedance	sources	between	the	three	phases	is	
from	collimators
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	LER	
					●	Wake	poten2al	with	5	mm	Gaussian	bunch		
					●	Comparison	of	Phase-1,	Phase-2	and	Phase-3	
					●	The	main	difference	of	impedance	sources	between	the	three	phases	is	
from	collimators
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	LER	
					●	Comparison	of	Phase-1,	Phase-2	and	Phase-3	
					●	MWI	threshold	above	1.4	mA	for	Phase-3,	depending	on	CSR	
					●	The	main	difference	of	impedance	sources	between	the	three	phases	is	
from	collimators	
					●	Collimator	impedance	is	induc2ve	=>	Improve	the	MWI	threshold	
					●	RF	cavity	impedance	is	resis2ve	=>	Cause	strong	2lt	and	excite	CSR

13

1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	LER	
					●	Comparison	of	Phase-1,	Phase-2	and	Phase-3	
					●	MWI	threshold	above	1.4	mA	for	Phase-3,	depending	on	CSR	
					●	The	main	difference	of	impedance	sources	between	the	three	phases	is	
from	collimators	
					●	Collimator	impedance	is	induc2ve	=>	Improve	the	MWI	threshold	
					●	RF	cavity	impedance	is	resis2ve	=>	Cause	strong	2lt	and	excite	CSR
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	LER	
					●	Shi=	of	center	of	mass	=>	RF	phase	shi=	
					●	Bunch	profile	2lt	=>	Op2mum	RF	phase	
					●	To	be	inves2gated:	Effects	on	luminosity	and	interplay	with	beam-beam	
effects
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1. Poten2al-well	distor2on



➤	Simula2on	results	of	MWI:	LER	
					●	Shi=	of	center	of	mass	=>	RF	phase	shi=
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1. Poten2al-well	distor2on

Phase-1:	σz0=4.67	mm	
Phase-2:	σz0=4.82	mm	
Phase-3:	σz0=4.55	mm



➤	Simula2on	results	of	MWI:	LER(Final	design)	
					●	CSR+CWR	is	important	in	determining	the	MWI	threshold	
					●	The	final	design	of	LER	has	more	collimators	(to	be	installed)	
					●	Collimator	impedance	is	induc2ve	=>	Improve	the	MWI	threshold	
					●	RF	cavity	impedance	is	resis2ve	=>	Cause	strong	2lt	and	excite	CSR
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1. Poten2al-well	distor2on

Ref.	D.	Zhou,	in	Proceedings	of	IPAC'14,	Dresden,	Germany



➤	Comparison	of	MWI	simula2ons	with	streak	camera	
					●	From	KEKB	to	SuperKEKB,	huge	discrepancy	always	seen,	very	hard	to	
explain	
					●	In	KEKB	LER,	we	compared	five	methods:	
								**	1)	MWI	simula2ons	(D.	Zhou)	
								**	2)	Streak	camera	(H.	Ikeda	et	al.)	
								**	3)	Direct	beam	phase	measurements	(T.	Ieiri)	
								**	4)	RF	power	analysis	(D.	Zhou)	
								**	5)	Belle	hadron	events	(Y.	Cai,	Phys.	Rev.	ST	Accel.	Beams	12,	061002	
(2009))	
								**	We	did	find	good	agreements	in	1),	3)	and	4)	(K.	Bane	and	D.	Zhou,	Talk	
presented	at	the	Interna2onal	Workshop	on	Impedances	and	Beam	Instabili2es	
in	Par2cle	Accelerators,	Benevento,	Italy,	20	September,	2017).	Also	fair	
agreement	with	5).		
				●	We	propose	detailed	studies	should	be	done	for	SuperKEKB,	especially:	
								**	RF	phase	scan	with	beam-beam	interac2on	
								**	Belle2	data	(zIP	distribu2on,	Ref.	H.	Kichimi	et	al	2010	JINST	5	P03011)
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1. Poten2al-well	distor2on



➤	Comparison	of	MWI	simula2ons	with	streak	camera	
					●	The	case	of	KEKB	LER:	MWI	simula2on	vs.	Streak	camera
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1. Poten2al-well	distor2on

Ref.	K.	Bane,	Talk	presented	at	the	Interna2onal	Workshop	on	Impedances	and	Beam	Instabili2es	in	
Par2cle	Accelerators,	Benevento,	Italy,	20	September,	2017



➤	Comparison	of	MWI	simula2ons	with	streak	camera	
					●	The	case	of	KEKB	LER:	MWI	simula2on	vs.	Beam	phase	
					●	With	beam	energy	3.594	GeV	and	RF	voltage	8	MV
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1. Poten2al-well	distor2on

Ref.	K.	Bane,	Talk	presented	at	the	Interna2onal	Workshop	on	Impedances	and	Beam	Instabili2es	in	
Par2cle	Accelerators,	Benevento,	Italy,	20	September,	2017



➤	Comparison	of	MWI	simula2ons	with	streak	camera	
					●	The	case	of	KEKB	LER:	MWI	simula2on	vs.	RF	power	analysis	
					●	With	beam	energy	3.3144	GeV	and	RF	voltage	8	MV
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1. Poten2al-well	distor2on

Ref.	K.	Bane,	Talk	presented	at	the	Interna2onal	Workshop	on	Impedances	and	Beam	Instabili2es	in	
Par2cle	Accelerators,	Benevento,	Italy,	20	September,	2017



➤	Comparison	of	MWI	simula2ons	with	streak	camera	
					●	The	case	of	KEKB	LER:	MWI	simula2on	vs.	Belle	hadron	events	
					●	My	simula2on	beler	agree	with	Belle	data?
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1. Poten2al-well	distor2on

Ref.	K.	Bane,	Talk	presented	at	the	Interna2onal	Workshop	on	Impedances	and	Beam	Instabili2es	in	
Par2cle	Accelerators,	Benevento,	Italy,	20	September,	2017	
Ref.	Y.	Cai,	Phys.	Rev.	ST	Accel.	Beams	12,	061002	(2009)

Where	is	the	threshold?



➤	Comparison	of	MWI	simula2ons	with	streak	camera	
					●	We	are	not	alone.	The	NSLS-II	(also	use	Hamamatsu	products)	shares	
similar	experiences	with	SuperKEKB
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1. Poten2al-well	distor2on

Ref.	A.	Blednykh,	Private	communica2on



➤	Measurements	of	Phase-3	
					●	Data	recorded	in	the	kblog	system	
					●	Use	these	data	for	tune	shi=	calcula2on
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2. Betatron	tune	shi=	(single	bunch)



➤	Single-bunch	betatron	tune	shi=:	HER	(2019.06.27)	
					●	Linear	fiong	model:	f(x)=a+b*x	
					●	Zeffx	~48.7	kΩ/m,	Zeffy	~164	kΩ/m
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2. Betatron	tune	shi=	(single	bunch)
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➤	HER:	Horizontal	plane	
					●	Le=	figure:	Data	taken	in	Phase	1	
					●	Right	figure:	Data	taken	in	Phase	2

From	K.	Ohmi
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2. Betatron	tune	shi=	(single	bunch)

http://www-kekb.kek.jp/MAC/2018/Report/Ohmi.pdf
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➤	HER:	Ver2cal	plane	
					●	Le=	figure:	Data	taken	in	Phase	1	
					●	Right	figure:	Data	taken	in	Phase	2

From	K.	Ohmi

Phase1	
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Phase2	
Jul.18,	2018

Ref.	hlp://www-kekb.kek.jp/MAC/2018/Report/Ohmi.pdf
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<latexit sha1_base64="tjZfFx5681zNgIQHsgYn98gi/Kg=">AAACHXicbVC7TsMwFHV4U14FRhaLCompJKgIFiQECxtFouXRlspxb4pVO4nsG0QV5UdY+BUWBhBiYEH8DW7TgdeRLB+fc6+u7/FjKQy67qczNj4xOTU9M1uYm19YXCour9RNlGgONR7JSF/4zIAUIdRQoISLWANTvoRzv3c08M9vQRsRhWfYj6GlWDcUgeAMrdQuVsRVO20i3GEKQZBl15f7XmUnF2iW372seaKgy7byp8raxZJbdoegf4k3IiUyQrVdfG92Ip4oCJFLZkzDc2NspUyj4BKyQjMxEDPeY11oWBoyBaaVDrfL6IZVOjSItD0h0qH6vSNlypi+8m2lYnhjfnsD8T+vkWCw10pFGCcIIc8HBYmkGNFBVLQjNHCUfUsY18L+lfIbphlHG2jBhuD9XvkvqW+XPbfsnVZKB4ejOGbIGlknm8Qju+SAHJMqqRFO7skjeSYvzoPz5Lw6b3npmDPqWSU/4Hx8AWxno1w=</latexit><latexit sha1_base64="tjZfFx5681zNgIQHsgYn98gi/Kg=">AAACHXicbVC7TsMwFHV4U14FRhaLCompJKgIFiQECxtFouXRlspxb4pVO4nsG0QV5UdY+BUWBhBiYEH8DW7TgdeRLB+fc6+u7/FjKQy67qczNj4xOTU9M1uYm19YXCour9RNlGgONR7JSF/4zIAUIdRQoISLWANTvoRzv3c08M9vQRsRhWfYj6GlWDcUgeAMrdQuVsRVO20i3GEKQZBl15f7XmUnF2iW372seaKgy7byp8raxZJbdoegf4k3IiUyQrVdfG92Ip4oCJFLZkzDc2NspUyj4BKyQjMxEDPeY11oWBoyBaaVDrfL6IZVOjSItD0h0qH6vSNlypi+8m2lYnhjfnsD8T+vkWCw10pFGCcIIc8HBYmkGNFBVLQjNHCUfUsY18L+lfIbphlHG2jBhuD9XvkvqW+XPbfsnVZKB4ejOGbIGlknm8Qju+SAHJMqqRFO7skjeSYvzoPz5Lw6b3npmDPqWSU/4Hx8AWxno1w=</latexit><latexit sha1_base64="tjZfFx5681zNgIQHsgYn98gi/Kg=">AAACHXicbVC7TsMwFHV4U14FRhaLCompJKgIFiQECxtFouXRlspxb4pVO4nsG0QV5UdY+BUWBhBiYEH8DW7TgdeRLB+fc6+u7/FjKQy67qczNj4xOTU9M1uYm19YXCour9RNlGgONR7JSF/4zIAUIdRQoISLWANTvoRzv3c08M9vQRsRhWfYj6GlWDcUgeAMrdQuVsRVO20i3GEKQZBl15f7XmUnF2iW372seaKgy7byp8raxZJbdoegf4k3IiUyQrVdfG92Ip4oCJFLZkzDc2NspUyj4BKyQjMxEDPeY11oWBoyBaaVDrfL6IZVOjSItD0h0qH6vSNlypi+8m2lYnhjfnsD8T+vkWCw10pFGCcIIc8HBYmkGNFBVLQjNHCUfUsY18L+lfIbphlHG2jBhuD9XvkvqW+XPbfsnVZKB4ejOGbIGlknm8Qju+SAHJMqqRFO7skjeSYvzoPz5Lw6b3npmDPqWSU/4Hx8AWxno1w=</latexit><latexit sha1_base64="tjZfFx5681zNgIQHsgYn98gi/Kg=">AAACHXicbVC7TsMwFHV4U14FRhaLCompJKgIFiQECxtFouXRlspxb4pVO4nsG0QV5UdY+BUWBhBiYEH8DW7TgdeRLB+fc6+u7/FjKQy67qczNj4xOTU9M1uYm19YXCour9RNlGgONR7JSF/4zIAUIdRQoISLWANTvoRzv3c08M9vQRsRhWfYj6GlWDcUgeAMrdQuVsRVO20i3GEKQZBl15f7XmUnF2iW372seaKgy7byp8raxZJbdoegf4k3IiUyQrVdfG92Ip4oCJFLZkzDc2NspUyj4BKyQjMxEDPeY11oWBoyBaaVDrfL6IZVOjSItD0h0qH6vSNlypi+8m2lYnhjfnsD8T+vkWCw10pFGCcIIc8HBYmkGNFBVLQjNHCUfUsY18L+lfIbphlHG2jBhuD9XvkvqW+XPbfsnVZKB4ejOGbIGlknm8Qju+SAHJMqqRFO7skjeSYvzoPz5Lw6b3npmDPqWSU/4Hx8AWxno1w=</latexit>

iZY
e↵ = 247 k⌦/m

<latexit sha1_base64="i7+Z3/V0CFN/7JXWnZOZ9wgbVCQ=">AAACHXicbVDLSgMxFM34tr6qLt0Ei+CqzkihbgTRjTsr2Ppoa8mkd2poMjMkd8QyzI+48VfcuFDEhRvxb0w7Xfg6EHJyzr3c3OPHUhh03U9nYnJqemZ2br6wsLi0vFJcXWuYKNEc6jySkb7wmQEpQqijQAkXsQamfAnnfv9o6J/fgjYiCs9wEENbsV4oAsEZWqlTrIirTtpCuMMUgiDLri/3dyvVXKBZfvez1omCHtvJnyrrFEtu2R2B/iXemJTIGLVO8b3VjXiiIEQumTFNz42xnTKNgkvICq3EQMx4n/WgaWnIFJh2Otouo1tW6dIg0vaESEfq946UKWMGyreViuGN+e0Nxf+8ZoLBXjsVYZwghDwfFCSSYkSHUdGu0MBRDixhXAv7V8pvmGYcbaAFG4L3e+W/pLFb9tyyd1opHRyO45gjG2STbBOPVMkBOSY1Uiec3JNH8kxenAfnyXl13vLSCWfcs05+wPn4AnFSo18=</latexit><latexit sha1_base64="i7+Z3/V0CFN/7JXWnZOZ9wgbVCQ=">AAACHXicbVDLSgMxFM34tr6qLt0Ei+CqzkihbgTRjTsr2Ppoa8mkd2poMjMkd8QyzI+48VfcuFDEhRvxb0w7Xfg6EHJyzr3c3OPHUhh03U9nYnJqemZ2br6wsLi0vFJcXWuYKNEc6jySkb7wmQEpQqijQAkXsQamfAnnfv9o6J/fgjYiCs9wEENbsV4oAsEZWqlTrIirTtpCuMMUgiDLri/3dyvVXKBZfvez1omCHtvJnyrrFEtu2R2B/iXemJTIGLVO8b3VjXiiIEQumTFNz42xnTKNgkvICq3EQMx4n/WgaWnIFJh2Otouo1tW6dIg0vaESEfq946UKWMGyreViuGN+e0Nxf+8ZoLBXjsVYZwghDwfFCSSYkSHUdGu0MBRDixhXAv7V8pvmGYcbaAFG4L3e+W/pLFb9tyyd1opHRyO45gjG2STbBOPVMkBOSY1Uiec3JNH8kxenAfnyXl13vLSCWfcs05+wPn4AnFSo18=</latexit><latexit sha1_base64="i7+Z3/V0CFN/7JXWnZOZ9wgbVCQ=">AAACHXicbVDLSgMxFM34tr6qLt0Ei+CqzkihbgTRjTsr2Ppoa8mkd2poMjMkd8QyzI+48VfcuFDEhRvxb0w7Xfg6EHJyzr3c3OPHUhh03U9nYnJqemZ2br6wsLi0vFJcXWuYKNEc6jySkb7wmQEpQqijQAkXsQamfAnnfv9o6J/fgjYiCs9wEENbsV4oAsEZWqlTrIirTtpCuMMUgiDLri/3dyvVXKBZfvez1omCHtvJnyrrFEtu2R2B/iXemJTIGLVO8b3VjXiiIEQumTFNz42xnTKNgkvICq3EQMx4n/WgaWnIFJh2Otouo1tW6dIg0vaESEfq946UKWMGyreViuGN+e0Nxf+8ZoLBXjsVYZwghDwfFCSSYkSHUdGu0MBRDixhXAv7V8pvmGYcbaAFG4L3e+W/pLFb9tyyd1opHRyO45gjG2STbBOPVMkBOSY1Uiec3JNH8kxenAfnyXl13vLSCWfcs05+wPn4AnFSo18=</latexit><latexit sha1_base64="i7+Z3/V0CFN/7JXWnZOZ9wgbVCQ=">AAACHXicbVDLSgMxFM34tr6qLt0Ei+CqzkihbgTRjTsr2Ppoa8mkd2poMjMkd8QyzI+48VfcuFDEhRvxb0w7Xfg6EHJyzr3c3OPHUhh03U9nYnJqemZ2br6wsLi0vFJcXWuYKNEc6jySkb7wmQEpQqijQAkXsQamfAnnfv9o6J/fgjYiCs9wEENbsV4oAsEZWqlTrIirTtpCuMMUgiDLri/3dyvVXKBZfvez1omCHtvJnyrrFEtu2R2B/iXemJTIGLVO8b3VjXiiIEQumTFNz42xnTKNgkvICq3EQMx4n/WgaWnIFJh2Otouo1tW6dIg0vaESEfq946UKWMGyreViuGN+e0Nxf+8ZoLBXjsVYZwghDwfFCSSYkSHUdGu0MBRDixhXAv7V8pvmGYcbaAFG4L3e+W/pLFb9tyyd1opHRyO45gjG2STbBOPVMkBOSY1Uiec3JNH8kxenAfnyXl13vLSCWfcs05+wPn4AnFSo18=</latexit>

iZe↵(k⌦/m) = 58.2
�⌫

Ibunch(A)
<latexit sha1_base64="saAgroYVb9MKu4EzmXPy+DAea/U="></latexit><latexit sha1_base64="saAgroYVb9MKu4EzmXPy+DAea/U="></latexit><latexit sha1_base64="saAgroYVb9MKu4EzmXPy+DAea/U="></latexit><latexit sha1_base64="saAgroYVb9MKu4EzmXPy+DAea/U="></latexit>

2. Betatron	tune	shi=	(single	bunch)

http://www-kekb.kek.jp/MAC/2018/Report/Ohmi.pdf


➤	Single-bunch	betatron	tune	shi=:	LER	(2019.06.27)	
					●	Linear	fiong	model:	f(x)=a+b*x	
					●	Used	natural	decay	of	bunch	current:	Problema2c	because	of	changing	machine	
condi2ons	with	2me	
					●	Zeffx	~32.2	kΩ/m,	Zeffy	~87.4	kΩ/m
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2. Betatron	tune	shi=	(single	bunch)

Linear	fiong:	
f(I)=44.5551	-	0.00130*I[mA]

Linear	fiong:	
f(I)=46.6197	-	0.00337*I[mA]
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➤	LER:	Horizontal	plane	
					●	Le=	figure:	Data	taken	in	Phase	1	
					●	Right	figure:	Data	taken	in	Phase	2

From	K.	Ohmi

Phase1	
April,	2016

Phase2	
Jul.18,	2018
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Ref.	hlp://www-kekb.kek.jp/MAC/2018/Report/Ohmi.pdf

iZe↵(k⌦/m) = 33.3
�⌫

Ibunch(A)
<latexit sha1_base64="7F2K1EOrHLmHvVKdCgOU4OUsfrA="></latexit><latexit sha1_base64="7F2K1EOrHLmHvVKdCgOU4OUsfrA="></latexit><latexit sha1_base64="7F2K1EOrHLmHvVKdCgOU4OUsfrA="></latexit><latexit sha1_base64="7F2K1EOrHLmHvVKdCgOU4OUsfrA="></latexit>

iZX
e↵ = 31 k⌦/m

<latexit sha1_base64="RL5NlMw9TkfQUi+du9YD+rWmNWI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei+CqzlhBN4Loxp0VbC22tWTSOzU0mRmSO2IZ5kPc+CtuXCjixoXg35h2uvB1IOTcc+4lucePpTDoup/OxOTU9Mzs3HxhYXFpeaW4ulY3UaI51HgkI93wmQEpQqihQAmNWANTvoRLv38y9C9vQRsRhRc4iKGtWC8UgeAMrdQpVsRVJ20h3GEKQZBl143DipfXNMvvftY6U9BjO3mpsk6x5JbdEehf4o1JiYxR7RTfW92IJwpC5JIZ0/TcGNsp0yi4hKzQSgzEjPdZD5qWhkyBaaej5TK6ZZUuDSJtT4h0pH6fSJkyZqB826kY3pjf3lD8z2smGBy0UxHGCULI84eCRFKM6DAp2hUaOMqBJYxrYf9K+Q3TjKPNs2BD8H6v/JfUd8ueW/bO90pHx+M45sgG2STbxCP75IickiqpEU7uySN5Ji/Og/PkvDpveeuEM55ZJz/gfHwB5S6jGw==</latexit><latexit sha1_base64="RL5NlMw9TkfQUi+du9YD+rWmNWI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei+CqzlhBN4Loxp0VbC22tWTSOzU0mRmSO2IZ5kPc+CtuXCjixoXg35h2uvB1IOTcc+4lucePpTDoup/OxOTU9Mzs3HxhYXFpeaW4ulY3UaI51HgkI93wmQEpQqihQAmNWANTvoRLv38y9C9vQRsRhRc4iKGtWC8UgeAMrdQpVsRVJ20h3GEKQZBl143DipfXNMvvftY6U9BjO3mpsk6x5JbdEehf4o1JiYxR7RTfW92IJwpC5JIZ0/TcGNsp0yi4hKzQSgzEjPdZD5qWhkyBaaej5TK6ZZUuDSJtT4h0pH6fSJkyZqB826kY3pjf3lD8z2smGBy0UxHGCULI84eCRFKM6DAp2hUaOMqBJYxrYf9K+Q3TjKPNs2BD8H6v/JfUd8ueW/bO90pHx+M45sgG2STbxCP75IickiqpEU7uySN5Ji/Og/PkvDpveeuEM55ZJz/gfHwB5S6jGw==</latexit><latexit sha1_base64="RL5NlMw9TkfQUi+du9YD+rWmNWI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei+CqzlhBN4Loxp0VbC22tWTSOzU0mRmSO2IZ5kPc+CtuXCjixoXg35h2uvB1IOTcc+4lucePpTDoup/OxOTU9Mzs3HxhYXFpeaW4ulY3UaI51HgkI93wmQEpQqihQAmNWANTvoRLv38y9C9vQRsRhRc4iKGtWC8UgeAMrdQpVsRVJ20h3GEKQZBl143DipfXNMvvftY6U9BjO3mpsk6x5JbdEehf4o1JiYxR7RTfW92IJwpC5JIZ0/TcGNsp0yi4hKzQSgzEjPdZD5qWhkyBaaej5TK6ZZUuDSJtT4h0pH6fSJkyZqB826kY3pjf3lD8z2smGBy0UxHGCULI84eCRFKM6DAp2hUaOMqBJYxrYf9K+Q3TjKPNs2BD8H6v/JfUd8ueW/bO90pHx+M45sgG2STbxCP75IickiqpEU7uySN5Ji/Og/PkvDpveeuEM55ZJz/gfHwB5S6jGw==</latexit><latexit sha1_base64="RL5NlMw9TkfQUi+du9YD+rWmNWI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei+CqzlhBN4Loxp0VbC22tWTSOzU0mRmSO2IZ5kPc+CtuXCjixoXg35h2uvB1IOTcc+4lucePpTDoup/OxOTU9Mzs3HxhYXFpeaW4ulY3UaI51HgkI93wmQEpQqihQAmNWANTvoRLv38y9C9vQRsRhRc4iKGtWC8UgeAMrdQpVsRVJ20h3GEKQZBl143DipfXNMvvftY6U9BjO3mpsk6x5JbdEehf4o1JiYxR7RTfW92IJwpC5JIZ0/TcGNsp0yi4hKzQSgzEjPdZD5qWhkyBaaej5TK6ZZUuDSJtT4h0pH6fSJkyZqB826kY3pjf3lD8z2smGBy0UxHGCULI84eCRFKM6DAp2hUaOMqBJYxrYf9K+Q3TjKPNs2BD8H6v/JfUd8ueW/bO90pHx+M45sgG2STbxCP75IickiqpEU7uySN5Ji/Og/PkvDpveeuEM55ZJz/gfHwB5S6jGw==</latexit>

iZX
e↵ = 37 k⌦/m

<latexit sha1_base64="8lpP2xm+lrkYY7X6Cr2YCVnP2hA=">AAACHHicbVDLSgMxFM34rPVVdekmWARXdcYKuhFEN+6sYLXY1pJJ79TQZGZI7ohlmA9x46+4caGIGxeCf2Pa6cLXgZBzz7mX5B4/lsKg6346E5NT0zOzhbni/MLi0nJpZfXCRInmUOeRjHTDZwakCKGOAiU0Yg1M+RIu/f7x0L+8BW1EFJ7jIIa2Yr1QBIIztFKnVBVXnbSFcIcpBEGWXTcOqnt5TbP87metUwU9tp2XKuuUym7FHYH+Jd6YlMkYtU7pvdWNeKIgRC6ZMU3PjbGdMo2CS8iKrcRAzHif9aBpacgUmHY6Wi6jm1bp0iDS9oRIR+r3iZQpYwbKt52K4Y357Q3F/7xmgsF+OxVhnCCEPH8oSCTFiA6Tol2hgaMcWMK4FvavlN8wzTjaPIs2BO/3yn/JxU7Fcyve2W758GgcR4Gskw2yRTyyRw7JCamROuHknjySZ/LiPDhPzqvzlrdOOOOZNfIDzscX7wCjIQ==</latexit><latexit sha1_base64="8lpP2xm+lrkYY7X6Cr2YCVnP2hA=">AAACHHicbVDLSgMxFM34rPVVdekmWARXdcYKuhFEN+6sYLXY1pJJ79TQZGZI7ohlmA9x46+4caGIGxeCf2Pa6cLXgZBzz7mX5B4/lsKg6346E5NT0zOzhbni/MLi0nJpZfXCRInmUOeRjHTDZwakCKGOAiU0Yg1M+RIu/f7x0L+8BW1EFJ7jIIa2Yr1QBIIztFKnVBVXnbSFcIcpBEGWXTcOqnt5TbP87metUwU9tp2XKuuUym7FHYH+Jd6YlMkYtU7pvdWNeKIgRC6ZMU3PjbGdMo2CS8iKrcRAzHif9aBpacgUmHY6Wi6jm1bp0iDS9oRIR+r3iZQpYwbKt52K4Y357Q3F/7xmgsF+OxVhnCCEPH8oSCTFiA6Tol2hgaMcWMK4FvavlN8wzTjaPIs2BO/3yn/JxU7Fcyve2W758GgcR4Gskw2yRTyyRw7JCamROuHknjySZ/LiPDhPzqvzlrdOOOOZNfIDzscX7wCjIQ==</latexit><latexit sha1_base64="8lpP2xm+lrkYY7X6Cr2YCVnP2hA=">AAACHHicbVDLSgMxFM34rPVVdekmWARXdcYKuhFEN+6sYLXY1pJJ79TQZGZI7ohlmA9x46+4caGIGxeCf2Pa6cLXgZBzz7mX5B4/lsKg6346E5NT0zOzhbni/MLi0nJpZfXCRInmUOeRjHTDZwakCKGOAiU0Yg1M+RIu/f7x0L+8BW1EFJ7jIIa2Yr1QBIIztFKnVBVXnbSFcIcpBEGWXTcOqnt5TbP87metUwU9tp2XKuuUym7FHYH+Jd6YlMkYtU7pvdWNeKIgRC6ZMU3PjbGdMo2CS8iKrcRAzHif9aBpacgUmHY6Wi6jm1bp0iDS9oRIR+r3iZQpYwbKt52K4Y357Q3F/7xmgsF+OxVhnCCEPH8oSCTFiA6Tol2hgaMcWMK4FvavlN8wzTjaPIs2BO/3yn/JxU7Fcyve2W758GgcR4Gskw2yRTyyRw7JCamROuHknjySZ/LiPDhPzqvzlrdOOOOZNfIDzscX7wCjIQ==</latexit><latexit sha1_base64="8lpP2xm+lrkYY7X6Cr2YCVnP2hA=">AAACHHicbVDLSgMxFM34rPVVdekmWARXdcYKuhFEN+6sYLXY1pJJ79TQZGZI7ohlmA9x46+4caGIGxeCf2Pa6cLXgZBzz7mX5B4/lsKg6346E5NT0zOzhbni/MLi0nJpZfXCRInmUOeRjHTDZwakCKGOAiU0Yg1M+RIu/f7x0L+8BW1EFJ7jIIa2Yr1QBIIztFKnVBVXnbSFcIcpBEGWXTcOqnt5TbP87metUwU9tp2XKuuUym7FHYH+Jd6YlMkYtU7pvdWNeKIgRC6ZMU3PjbGdMo2CS8iKrcRAzHif9aBpacgUmHY6Wi6jm1bp0iDS9oRIR+r3iZQpYwbKt52K4Y357Q3F/7xmgsF+OxVhnCCEPH8oSCTFiA6Tol2hgaMcWMK4FvavlN8wzTjaPIs2BO/3yn/JxU7Fcyve2W758GgcR4Gskw2yRTyyRw7JCamROuHknjySZ/LiPDhPzqvzlrdOOOOZNfIDzscX7wCjIQ==</latexit>

2. Betatron	tune	shi=	(single	bunch)

http://www-kekb.kek.jp/MAC/2018/Report/Ohmi.pdf
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➤	LER:	Ver2cal	plane	
					●	Le=	figure:	Data	taken	in	Phase	1	
					●	Right	figure:	Data	taken	in	Phase	2

From	K.	Ohmi

Phase1	
April,	2016

Phase2	
Jul.18,	2018
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Ref.	hlp://www-kekb.kek.jp/MAC/2018/Report/Ohmi.pdf

iZY
e↵ = 53 k⌦/m

<latexit sha1_base64="4sm2stSG0w54R9axnQV0mRUzCps=">AAACHHicbVC7TsMwFHV4lvIqMLJYVEhMJeEhWJAqWNgAifJqS+W4N8WqnUT2DaKK8iEs/AoLAwixMCDxN7hNB15HsnzuOffKvsePpTDoup/OyOjY+MRkYao4PTM7N19aWDwzUaI51HgkI33hMwNShFBDgRIuYg1M+RLO/e5B3z+/BW1EFJ5iL4amYp1QBIIztFKrtCmuWmkD4Q5TCIIsu77c297Ma5rldzdrHCnosPW8VFmrVHYr7gD0L/GGpEyGOG6V3hvtiCcKQuSSGVP33BibKdMouISs2EgMxIx3WQfqloZMgWmmg+UyumqVNg0ibU+IdKB+n0iZMqanfNupGN6Y315f/M+rJxjsNlMRxglCyPOHgkRSjGg/KdoWGjjKniWMa2H/SvkN04yjzbNoQ/B+r/yXnG1UPLfinWyVq/vDOApkmayQNeKRHVIlh+SY1Agn9+SRPJMX58F5cl6dt7x1xBnOLJEfcD6+AO1ioyA=</latexit><latexit sha1_base64="4sm2stSG0w54R9axnQV0mRUzCps=">AAACHHicbVC7TsMwFHV4lvIqMLJYVEhMJeEhWJAqWNgAifJqS+W4N8WqnUT2DaKK8iEs/AoLAwixMCDxN7hNB15HsnzuOffKvsePpTDoup/OyOjY+MRkYao4PTM7N19aWDwzUaI51HgkI33hMwNShFBDgRIuYg1M+RLO/e5B3z+/BW1EFJ5iL4amYp1QBIIztFKrtCmuWmkD4Q5TCIIsu77c297Ma5rldzdrHCnosPW8VFmrVHYr7gD0L/GGpEyGOG6V3hvtiCcKQuSSGVP33BibKdMouISs2EgMxIx3WQfqloZMgWmmg+UyumqVNg0ibU+IdKB+n0iZMqanfNupGN6Y315f/M+rJxjsNlMRxglCyPOHgkRSjGg/KdoWGjjKniWMa2H/SvkN04yjzbNoQ/B+r/yXnG1UPLfinWyVq/vDOApkmayQNeKRHVIlh+SY1Agn9+SRPJMX58F5cl6dt7x1xBnOLJEfcD6+AO1ioyA=</latexit><latexit sha1_base64="4sm2stSG0w54R9axnQV0mRUzCps=">AAACHHicbVC7TsMwFHV4lvIqMLJYVEhMJeEhWJAqWNgAifJqS+W4N8WqnUT2DaKK8iEs/AoLAwixMCDxN7hNB15HsnzuOffKvsePpTDoup/OyOjY+MRkYao4PTM7N19aWDwzUaI51HgkI33hMwNShFBDgRIuYg1M+RLO/e5B3z+/BW1EFJ5iL4amYp1QBIIztFKrtCmuWmkD4Q5TCIIsu77c297Ma5rldzdrHCnosPW8VFmrVHYr7gD0L/GGpEyGOG6V3hvtiCcKQuSSGVP33BibKdMouISs2EgMxIx3WQfqloZMgWmmg+UyumqVNg0ibU+IdKB+n0iZMqanfNupGN6Y315f/M+rJxjsNlMRxglCyPOHgkRSjGg/KdoWGjjKniWMa2H/SvkN04yjzbNoQ/B+r/yXnG1UPLfinWyVq/vDOApkmayQNeKRHVIlh+SY1Agn9+SRPJMX58F5cl6dt7x1xBnOLJEfcD6+AO1ioyA=</latexit><latexit sha1_base64="4sm2stSG0w54R9axnQV0mRUzCps=">AAACHHicbVC7TsMwFHV4lvIqMLJYVEhMJeEhWJAqWNgAifJqS+W4N8WqnUT2DaKK8iEs/AoLAwixMCDxN7hNB15HsnzuOffKvsePpTDoup/OyOjY+MRkYao4PTM7N19aWDwzUaI51HgkI33hMwNShFBDgRIuYg1M+RLO/e5B3z+/BW1EFJ5iL4amYp1QBIIztFKrtCmuWmkD4Q5TCIIsu77c297Ma5rldzdrHCnosPW8VFmrVHYr7gD0L/GGpEyGOG6V3hvtiCcKQuSSGVP33BibKdMouISs2EgMxIx3WQfqloZMgWmmg+UyumqVNg0ibU+IdKB+n0iZMqanfNupGN6Y315f/M+rJxjsNlMRxglCyPOHgkRSjGg/KdoWGjjKniWMa2H/SvkN04yjzbNoQ/B+r/yXnG1UPLfinWyVq/vDOApkmayQNeKRHVIlh+SY1Agn9+SRPJMX58F5cl6dt7x1xBnOLJEfcD6+AO1ioyA=</latexit>

iZY
e↵ = 106 k⌦/m

<latexit sha1_base64="UOkEtO+qmR8wCLC5WJsj/wJXNM4=">AAACHXicbVC7TsMwFHV4U14FRhaLCompJKgCFiQECxtFouXRlspxb4pVO4nsG0QV5UdY+BUWBhBiYEH8DW7TgdeRLB+fc6+u7/FjKQy67qczNj4xOTU9M1uYm19YXCour9RNlGgONR7JSF/4zIAUIdRQoISLWANTvoRzv3c08M9vQRsRhWfYj6GlWDcUgeAMrdQuVsRVO20i3GEKQZBl15f7nruTCzTL717WPFHQZVv5U2XtYsktu0PQv8QbkRIZodouvjc7EU8UhMglM6bhuTG2UqZRcAlZoZkYiBnvsS40LA2ZAtNKh9tldMMqHRpE2p4Q6VD93pEyZUxf+bZSMbwxv72B+J/XSDDYa6UijBOEkOeDgkRSjOggKtoRGjjKviWMa2H/SvkN04yjDbRgQ/B+r/yX1LfLnlv2Tiulg8NRHDNkjayTTeKRXXJAjkmV1Agn9+SRPJMX58F5cl6dt7x0zBn1rJIfcD6+AGd6o1k=</latexit><latexit sha1_base64="UOkEtO+qmR8wCLC5WJsj/wJXNM4=">AAACHXicbVC7TsMwFHV4U14FRhaLCompJKgCFiQECxtFouXRlspxb4pVO4nsG0QV5UdY+BUWBhBiYEH8DW7TgdeRLB+fc6+u7/FjKQy67qczNj4xOTU9M1uYm19YXCour9RNlGgONR7JSF/4zIAUIdRQoISLWANTvoRzv3c08M9vQRsRhWfYj6GlWDcUgeAMrdQuVsRVO20i3GEKQZBl15f7nruTCzTL717WPFHQZVv5U2XtYsktu0PQv8QbkRIZodouvjc7EU8UhMglM6bhuTG2UqZRcAlZoZkYiBnvsS40LA2ZAtNKh9tldMMqHRpE2p4Q6VD93pEyZUxf+bZSMbwxv72B+J/XSDDYa6UijBOEkOeDgkRSjOggKtoRGjjKviWMa2H/SvkN04yjDbRgQ/B+r/yX1LfLnlv2Tiulg8NRHDNkjayTTeKRXXJAjkmV1Agn9+SRPJMX58F5cl6dt7x0zBn1rJIfcD6+AGd6o1k=</latexit><latexit sha1_base64="UOkEtO+qmR8wCLC5WJsj/wJXNM4=">AAACHXicbVC7TsMwFHV4U14FRhaLCompJKgCFiQECxtFouXRlspxb4pVO4nsG0QV5UdY+BUWBhBiYEH8DW7TgdeRLB+fc6+u7/FjKQy67qczNj4xOTU9M1uYm19YXCour9RNlGgONR7JSF/4zIAUIdRQoISLWANTvoRzv3c08M9vQRsRhWfYj6GlWDcUgeAMrdQuVsRVO20i3GEKQZBl15f7nruTCzTL717WPFHQZVv5U2XtYsktu0PQv8QbkRIZodouvjc7EU8UhMglM6bhuTG2UqZRcAlZoZkYiBnvsS40LA2ZAtNKh9tldMMqHRpE2p4Q6VD93pEyZUxf+bZSMbwxv72B+J/XSDDYa6UijBOEkOeDgkRSjOggKtoRGjjKviWMa2H/SvkN04yjDbRgQ/B+r/yX1LfLnlv2Tiulg8NRHDNkjayTTeKRXXJAjkmV1Agn9+SRPJMX58F5cl6dt7x0zBn1rJIfcD6+AGd6o1k=</latexit><latexit sha1_base64="UOkEtO+qmR8wCLC5WJsj/wJXNM4=">AAACHXicbVC7TsMwFHV4U14FRhaLCompJKgCFiQECxtFouXRlspxb4pVO4nsG0QV5UdY+BUWBhBiYEH8DW7TgdeRLB+fc6+u7/FjKQy67qczNj4xOTU9M1uYm19YXCour9RNlGgONR7JSF/4zIAUIdRQoISLWANTvoRzv3c08M9vQRsRhWfYj6GlWDcUgeAMrdQuVsRVO20i3GEKQZBl15f7nruTCzTL717WPFHQZVv5U2XtYsktu0PQv8QbkRIZodouvjc7EU8UhMglM6bhuTG2UqZRcAlZoZkYiBnvsS40LA2ZAtNKh9tldMMqHRpE2p4Q6VD93pEyZUxf+bZSMbwxv72B+J/XSDDYa6UijBOEkOeDgkRSjOggKtoRGjjKviWMa2H/SvkN04yjDbRgQ/B+r/yX1LfLnlv2Tiulg8NRHDNkjayTTeKRXXJAjkmV1Agn9+SRPJMX58F5cl6dt7x0zBn1rJIfcD6+AGd6o1k=</latexit>

iZe↵(k⌦/m) = 33.3
�⌫

Ibunch(A)
<latexit sha1_base64="7F2K1EOrHLmHvVKdCgOU4OUsfrA="></latexit><latexit sha1_base64="7F2K1EOrHLmHvVKdCgOU4OUsfrA="></latexit><latexit sha1_base64="7F2K1EOrHLmHvVKdCgOU4OUsfrA="></latexit><latexit sha1_base64="7F2K1EOrHLmHvVKdCgOU4OUsfrA="></latexit>

2. Betatron	tune	shi=	(single	bunch)

http://www-kekb.kek.jp/MAC/2018/Report/Ohmi.pdf
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➤	Comparison	
					●	LER:	
									X:	31	(2016.04)	->	37	(2018.07.18)	->	32	(2019.06.27)	kΩ/m	
									Y:	53	(2016.04)	->	106	(2018.07.18)	->	87	(2019.06.27)	kΩ/m		
					●	HER:	
									X:	43	(2016.04)	->	71	(2018.07.18)	->	49	(2019.06.27)	kΩ/m	
									Y:	145	(2016.04)	->	247	(2018.07.18)	->	164	(2019.06.27)	kΩ/m		
					●	Discrepancy	to	be	understood

2. Betatron	tune	shi=	(single	bunch)
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➤	The	problem	realized	
					●	Asymmetric	transerve	impedances	can	cause	transverse	beam	2lt	
to	the	beams	[Ref.	G.	Stupakov	and	D.	Zhou,	Nucl.	Instrum.	Meth.	A	
764	(2014)	378–382.

3. Beam	2lt	due	to	transverse	impedance
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➤	The	problem	no2ced	at	HER	
					●	D09-V{1234}	are	set	on	the	same	side	
					●	D12-V{1234}	are	set	not	symmetrically

3. Beam	2lt	due	to	transverse	impedance

Snapshot	on	2019.05.20
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➤	The	first	test	with	collimator	seongs	on	2019.05.20	
					●	Beam	current	600	mA,	Bunch	#	1576	
					●	The	phase	advance	between	collimators	is	roughly	Pi,	this	helps	
cancel	the	transverse	2lt	
					●	The	residual	2lt	kick	(translated	to	IP)	is	mainly	from:	
								**	Non-zero	alpha	func2ons	at	collimators	
								**	Asymmetric	seongs	of	the	collimator	heads

3. Beam	2lt	due	to	transverse	impedance
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➤	The	first	test	with	collimator	seongs	on	2019.05.20	
					●	The	2lt	was	not	strong	enough	in	early	Phase-3	
					●	The	countermeasures:	
									**	Careful	control	of	phase	advance	between	collimators	
									**	Control	alpha	func2ons	at	collimators	
									**	Control	COD	at	collimators

3. Beam	2lt	due	to	transverse	impedance
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➤	The	first	test	with	collimator	seongs	on	2019.05.20	
					●	It	can	become	a	big	problem	with	the	final	design	parameters:	
Higher	currents	and	smaller	beam	sizes	at	IP	

3. Beam	2lt	due	to	transverse	impedance
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➤	Issues	to	be	inves2gated	
					●	Space	charge	
								2019.06.26:	LER:	Ibeam=370	mA,	Nbunch=789	
								Tune	shi=:	(-0.0018,	-0.026)	in	X/Y	with	emit_y=20	pm	
					●	Intra-beam	scalering	
								LER	horizontal	emilance:	1.6	nm	->	1.9	nm	with	beam	parameters	
on	2019.07.01	
					●	Dust	events

3. Other	effects
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➤	Log	data	on	2019.06.20

4. Response	to	the	comment	of	morning	talk


