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➤	Introduc9on	
					●	LaAce:	
								sler_1689.sad	
								sler_1689_w_const001.sad	(provided	by	H.	Sugimoto)	
➤	Theory	for	resonance	driving	terms	
➤	Results	by	PTC	
					●	3rd	and	4th	order	RDTs	
					●	Momentum-dependent	RDTs	
➤	Summary
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➤	Nonlinear	op9miza9on	with	new	constraints	[by	H.	
Sugimoto,	SuperKEKB	mini-op9cs	mee9ng,	Sep.	8,	2016]	
					●	It’s	natural	to	have	smaller	DA	using	addi9onal	constraints	but	
with	the	same	number	of	variables

1. Introduction
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➤	Nonlinear	op9miza9on	with	new	constraints	[by	H.	
Sugimoto,	SuperKEKB	mini-op9cs	mee9ng,	Sep.	8,	2016]	
					●	Chroma9c	βx,y	and	νx,y	correspond	to	RDTs	of	h2000e/h0200e	(X),	
h0020e/h0002e	(Y),	and	h1100e	(X),	h0011e	(Y),	respec9vely

1. Introduction
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➤	Nonlinear	op9miza9on	with	new	constraints	[by	H.	
Sugimoto,	SuperKEKB	mini-op9cs	mee9ng,	Sep.	8,	2016]	
					●	Chroma9c	X-Y	couplings	correspond	to	RDTs	of	h1010e,	h0110e,	h1001e	
and	h0101e

1. Introduction
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➤	Nonlinear	op9miza9on	with	new	constraints	[by	H.	
Sugimoto,	SuperKEKB	mini-op9cs	mee9ng,	Sep.	8,	2016]	
					●	Ques9on:	Recovery	of	luminosity	is	aeributed	to	chroma9c	
effects	[because	of	new	constraints]?	=>	Check	all	RDTs	…

1. Introduction
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➤	Previous	findings	
					●	D.	Zhou,	20th	KEKB	Accelerator	Review	Commieee,	Feb.	23,	2015.

1. Introduction
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➤	Previous	findings	
					●	D.	Zhou,	20th	KEKB	Accelerator	Review	Commieee,	Feb.	23,	2015.

1. Introduction
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➤	Resonance	driving	terms	(RDTs)	indicate	laAce	nonlinearity	

2. Theory for RDTs
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➤	RDTs	indicate	laAce	nonlinearity:	Analy9c	theories	
according	to	J.	Bengtsson,	SLS	Note	9/97	
					●	Linear	chroma9city:	

						●	Chroma9c	beta	func9ons:	

							●	Chroma9c	dispersion:

2. Theory for RDTs
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➤	RDTs	indicate	laAce	nonlinearity:	Analy9c	theories	
according	to	J.	Bengtsson,	SLS	Note	9/97	
					●	First	order	geometric	terms	(amplitude-dependent):

2. Theory for RDTs



➤	Integra9on	of	RDTs	along	the	whole	ring	
					●	Almost	perfect	cancella9on	of	3rd	order	RDTs	in	the	arc	sec9ons
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3. Results by PTC: 3rd order RDTs
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➤	Integra9on	of	RDTs	along	the	whole	ring	
					●	FFS	contributes	most	of	residual	RDTs
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3. Results by PTC: 3rd order RDTs (IR)

 0

 10

 20

 30

 40

 50

 60

3005 3010 3015 0  5  10

|h
10

02
0| 

[m
-1

/2
]

s [m]

sler_1689
sler_1689_w_const001

 0

 20

 40

 60

 80

 100

 120

3005 3010 3015 0  5  10

|h
10

11
0| 

[m
-1

/2
]

s [m]

sler_1689
sler_1689_w_const001

 0

 500

 1000

 1500

 2000

 2500

3005 3010 3015 0  5  10

|h
21

00
0| 

[m
-1

/2
]

s [m]

sler_1689
sler_1689_w_const001

3νx	[(Jx)3/2]

 0

 100

 200

 300

 400

 500

 600

3005 3010 3015 0  5  10

|h
30

00
0| 

[m
-1

/2
]

s [m]

sler_1689
sler_1689_w_const001

νx	[(Jx)3/2]

νx-2νy	[(Jx)1/2(Jy)] νx	[(Jx)1/2(Jy)]



➤	Integra9on	of	RDTs	along	the	whole	ring	
					●	Almost	perfect	cancella9on	of	3rd	order	RDTs	in	the	arc	sec9ons
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3. Results by PTC: 3rd order RDTs
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➤	Integra9on	of	RDTs	along	the	whole	ring	
					●	FFS	contributes	most	of	residual	RDTs

3νy	[(Jy)3/2]

2νx-νy	[(Jx)(Jy)1/2] νy	[(Jy)3/2]

νy	[(Jy)1/2(Jx)]
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3. Results by PTC: 3rd order RDTs (IR)
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3. Results by PTC: 3rd order RDTs
➤	Final	strengths	of	3rd	order	RDTs	(one-turn)	
					●	Main	terms	in	Y-direc9on	suppressed,	but	main	terms	in	X-
direc9on	enlarged	
					●	Need	addi9onal	magnets	to	achieve	suppression	of	RDTs	in	both	
X-	and	Y-direc9ons?

Correlated?



➤	Detuning	along	the	whole	ring	
					●	w/	constraints:	control	Y-direc9on	but	relax	X-direc9on?
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3. Results by PTC: Chromatic β and ν
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➤	Detuning	along	the	whole	ring	
					●	w/	constraints:	control	Y-direc9on	but	relax	X-direc9on?
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3. Results by PTC: Chromatic β and ν (IR)
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➤	Detuning	along	the	whole	ring	-	second	order	
					●	w/	constraints:	control	Y-direc9on	but	relax	X-direc9on?
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3. Results by PTC: Chromatic β and ν
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➤	Detuning	along	the	whole	ring	-	second	order	
					●	w/	constraints:	control	Y-direc9on	but	relax	X-direc9on?
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3. Results by PTC: Chromatic β and ν (IR)
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➤	Dispersion	along	the	whole	ring	
					●	w/	constraints:	control	X-direc9on	but	relax	Y-direc9on?
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3. Results by PTC: Chromatic dispersion
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➤	Dispersion	along	the	whole	ring	
					●	w/	constraints:	control	X-direc9on	but	relax	Y-direc9on?
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3. Results by PTC: Chromatic dispersion (IR)
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➤	Chroma9c	coupling	along	the	whole	ring	
					●	w/	constraints:	Chroma9c	coupling	controlled
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3. Results by PTC: Chromatic coupling
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➤	Chroma9c	coupling	along	the	whole	ring	
					●	w/	constraints:	Chroma9c	coupling	controlled
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3. Results by PTC: Chromatic coupling (IR)
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3. Results by PTC: Chromatic Twiss functions
➤	Final	strengths	of	chroma9c	Twiss	func9ons	(one-turn)	
					●	Main	terms	in	Y-direc9on	suppressed,	but	main	terms	in	X-
direc9on	enlarged	
					●	Need	addi9onal	magnets	to	achieve	suppression	of	RDTs	in	both	
X-	and	Y-direc9ons?
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3. Results by PTC: Chromatic Twiss functions
➤	Final	strengths	of	chroma9c	Twiss	func9ons	(one-turn)	
					●	Chroma9c	dispersions	in	X-direc9on	suppressed,	but	enlarged	in	
Y-direc9on	
					●	Chroma9c	coupling	suppressed	w/	new	constraints	in	DA	
op9miza9on
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3. Results by PTC: higher-order RDTs
Final	values	(one-turn):	Chroma9c	3rd	order
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3. Results by PTC: higher-order RDTs
Final	values	(one-turn):	Chroma9c	3rd	order
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3. Results by PTC: 4th order RDTs
Final	values	(one-turn):	4th	order
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3. Results by PTC: 4th order RDTs
Final	values	(one-turn):	Chroma9c	4th	order
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3. Results by PTC: 4th order RDTs
Final	values	(one-turn):	Chroma9c	4th	order



4. Summary
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➤	Previous	findings	
				●	BB	+	LaAce	nonlinearity	cause	luminosity	loss	in	SuperKEKB	
				●	Lum.	drop	happens	at	low	beam	current	
				●	Related	to	amplitude-dependent	lae.	nonlin.	
➤	DA	op9miza9on	w/	new	constraints	[by	H.	Sugimoto]	
				●	Small	loss	of	DA	and	life9me	(reasonable?)	
				●	Nonlinearity	in	chroma9c	beta,	alpha,	tune,	and	coupling	
func9ons	[related	to	RDTs]	(at	IP?)	suppressed	successfully	
				●	Lum.	gain	achieved	at	low	current	
➤	Calcula9on	of	RDTs	using	PTC	
				●	Suppression	of	some	RDTs	(mostly	in	Y-direc9on)	observed	
				●	Also	other	terms	enlarged	rather	than	suppressed	
➤	Open	ques9ons	
				●	Need	addi9onal	correctors	(equivalent	to	more	variables)	to	
suppress	RDTs?	
				●	Possible	to	achieve	beeer	DA,	life9me	and	lum.	simultaneously?


