
Brief	introduc-on	to	SuperKEKB	and	issues	
on	possible	upgrade	with	polarized	electron	

beam

Demin	Zhou	
Accelerator	theory	group,	Accelerator	laboratory,	KEK,	Japan	

On	behalf	of	the	SuperKEKB	team	

Acknowledgements:
E. Forest, M. Kuriki, M. Roney, U. Wienands, H. Koiso, Y. Ohnishi

First	mee=ng	on	polarized	electron	beam	for	SuperKEKB	

KEK,	Feb.	6,	2018



Outline

2

➤	Introduc-on	
➤	Issues	on	polarized	electron	beam	
						●	LaAce	transla-on	
						●	Polarized	beam	source	
						●	Ring	op-cs	design	
➤	Interna-onal	collabora-on	
						●	Inves-ga-on	team	
						●	Resources
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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	Feb.	2018	(~5	months)	
➤	Phase	III	
					●	w/	Full	Belle-II	including	VXD	
					●	Aeer	summer	of	2018

NO	damping	ring	for	electron	beam
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➤	Ring	parameters

hgp://www-superkekb.kek.jp/index.html

NO	damping	ring	for	electron	beam
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➤	Ring	parameters	(SuperB)

M.	Biagini,	IPAC’10
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➤	Machine	parameters	for	Phase	2	and	3	
					●	Phase	2	target:	1x1034	cm-2s-1	

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

1. Introduction
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➤	Injector	parameters

K.	Furukawa,	hgp://www-kekb.kek.jp/MAC/2016/
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➤	Injector

K.	Furukawa,	hgp://www-kekb.kek.jp/MAC/2016/
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➤	Injector

K.	Furukawa,	hgp://www-kekb.kek.jp/MAC/2015/



➤	Interplay	of	beam	dynamics	issues	
					●	Luminosity	<=	Emigance	<=	Beam-beam,	LaAce	nonlinearity,	
Space	charge,	Impedances,	Electron	cloud,	Intra-beam	scagering,	etc.	
					●	=>	Dynamic	aperture	and	life-me	=>	Beam	commissioning	=>	
Injec-on,	Detector	back	ground,	Alignments,	etc.	=>	Tolerances	for	
hardwares	=>	…
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➤	Mo-va-on:	To	improve	communica-ons	
					●	SAD:	TRISTAN,	KEKB,	J-PARC,	SuperKEKB,	…	
					●	Bmad:	CESR,	ERL,	…	
					●	MAD/MAD-X:	PS,	LEP,	LHC,	FCCs,	…

Asia:	SAD|PTC

Europe:	MAD/MAD-X/PTC

America:	Bmad/PTC



Asia America

Europe
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➤	Efforts	for	laAce	transla-ons	
					●	SAD	and	PTC:	developed	at	KEK,	many	shared	features	(transfer	
maps,	symplec-c	integrator,	…)	
					●	PTC	integrated	into	MAD-X	and	Bmad

MAD-X

Bmad
PTC

AML/UAP

SAD

MAD

2. Lattice translation



Asia America

Europe

13

➤	Efforts	for	laAce	transla-ons	
					●	But	for	SuperKEKB,	so	far	only	SAD,	Bmad	and	PTC	can	interpret	
the	laAces	because	of	complicated	IR
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➤	To	start	collabora-ons,	SuperKEKB	laAces	have	to	be	
translated	to	other	codes	
					●	SAD	to	Bmad	and	then	to	PTC:	mostly	successful	
					●	Source	of	laAce	nonlineari-es	in	SuperKEKB	iden-fied	by	PTC	
					●	Possible	run	simula-on	tools	developed	based	on	Bmad	and	PTC	
					●	PTC	is	perfect	tool	for	simula-ons	of	spin	dynamics

Ref.	D.	Zhou	et	al.,	IPAC16

2. Lattice translation



3. Polarized beam source
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➤	Comments	from	Dr.	Masao	Kuriki	(Hiroshima	Univ.)	
					●	Polariza-on	increases	the	sensi-vity	for	physics.	
					●	70%	polariza-on	is	very	easy,	because	the	highest	polariza-on	from	GaAs	
super-laAce	photo-cathode	is	90%.	Polariza-on	during	the	accelera-on	and	
transporta-on	can	be	well	controlled.	Depolariza-on	should	be	negligible.	
					●	Issues:	
									➢	High	bunch	intensity	and	low	emigance	
																Depending	on	the	required	emigance,	we	need	electron	damping	ring.	Because	the	
photo-cathode	can	be	used	only	in	DC	field,	the	beam	spot	size	at	the	cathode	could	be	large	
due	to	the	low	field,	depending	on	the	bunch	intensity.	It	leads	a	large	emigance.	
									➢	Maintain	the	polariza-on	in	the	main	ring	
																As	suggested,	the	polariza-on	vector	should	be	aligned	ver-cally	to	the	orbit	
plane.	If	it	is	not	in	ver-cal,	the	polariza-on	vector	do	precession.	Due	to	the	energy	
spread,	the	polariza-on	vector	will	be	randomized.		
																On	the	other	hand,	we	need	a	longitudinal	polariza-on	at	the	collision	point.	Before	
and	aeer	the	collision,	we	have	to	rotate	the	polariza-on	vector	as	ver-cal-longitudinal-
ver-cal.	It	adds	another	boundary	condi-ons	in	the	ring	dynamics,	otherwise,	the	polariza-on	
will	be	randomized	over	many	turns.	
					●	“…it	is	not	easy,	but	it	is	possible.”
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➤	Issues	
					●	Available	spaces	for	spin	rotator?	
					●	Addi-onal	constraints	to	the	op-cs	=>	Effects	on	DA,	life-me,	etc.

Y.	Ohnishi,	Accelerator	design	at	SuperKEKB,	Prog.	
Theor.	Exp.	Phys.	(2013)	03A001.

4. Ring optics re-design for HER

IR Local	chroma-city	correc-on
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➤	DA	and	life-me	are	sensi-ve	to	beam-beam	interac-on

From	Y.	Ohnishi

4. Ring optics re-design for HER
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➤	Inves-ga-on	team	
					●	KEK:	E.	Forest,	D.	Zhou,	K.	Ohmi,	Y.	Ohnishi,	…	
					●	Japan:	M.	Kuriki	(Hiroshima	Univ.),	…	
					●	USA:	U.	Wienands,	…	
					●	Canada:	M.	Roney,	…	
	➤	Resources	
					●	Design	tools	(accelerator	physics):	SAD,	Bmad,	PTC,	…	
					●	Electron	beam	source	(damping	is	a	must?)	
					●	Spin	rotator	
					●	Compton	polarimeter	
	➤	Task	defini-ons,	schedule,	…
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➤	Tasks	for	the	first	mee-ngs	(M.	Roney)	
-	a	concrete	list	of	ques=ons	that	would	have	to	be	addressed	in	any	feasibility	study; 
-	determine	if	there	are	problems	that	are	already	known	to	be	completely	
insurmountable; 
-	assuming	that	all	problems	are,	in	principle	at	least,	tractable,	then	compile	a	list	of	
interna=onal	experts 
		who	might	be	recruited	to	help	address	specific	ques=ons	at	hand; 
-	determine	when	it	would	be	reasonable	to	hold	a	workshop	of	accelerator	physicists	on	
this; 

					-	iden=fy	immediate	ac=on	items/tasks	for	each	of	us	that	would	move	us	forward	to	the	
next	step; 

-										Conceptual	Design	Phase 
-										Detailed	Design	Phase 
-										Develop	Cost	Es=mate 
-										Make	go-no/go	decision	on	submiSng	funding	request 
-										Secure	funding 
-										Final	Design	Phase 
-										Construc=on	Phase 
-										Installa=on	Phase 
-										Commissioning	Phase


