
SAD-MAD	converter	survey	and	needs

Demin	Zhou	

Acknowledgements:	

M.	Biagini,	L.	Deniau,	R.	De	Maria,	E.	Forest,	E.	Gianfelice-
Wendt,	M.	Giovannozzi,	H.	Koiso,	S.M.	Liuzzo,	A.	Morita,	K.	
Ohmi,	K.	Oide,	D.	Sagan,	P.	Skowronski,	P.	Thrane,	I.	Tecker,	Y.	

Wang,	A.	Wegscheider,	Y.	Zhang,	F.	Zimmermann	

FCC-ee	design	meeNng,	CERN,	Mar.	03,	2017



Outline

2

➤	Introduc8on	
➤	Current	status	
					●	Exis8ng	translators	
					●	Examples	for	laAce	transla8on	
					●	An	example	of	benchmark	
➤	Symplec8c	tracking	in	SAD	
					●	Transfer	maps	for	DRIFT,	SOL,	etc.	
					●	Hard-edge	and	soL-edge	fringe	maps	
➤	Summary	
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➤	Mo8va8on:	To	improve	communica8ons	
					●	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
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➤	Mo8va8on:	To	improve	collabora8ons	on	projects	
like	SuperKEKB	and	FCCs

Ref.	F.	Zimmermann	et	al.,	IPAC’14,	MOXAA01.
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➤	References	for	this	topic	
					●	D.	Zhou	et	al.,	“La#ce	transla,on	between	accelerator	simula,on	
codes	for	SuperKEKB”,	in	Proceedings	of	IPAC'16,	Busan,	Korea,	May.	
08-13,	2016.	
					●	D.	Zhou,	“SuperKEKB	la#ce	transla,on”,	MAD-X	mee8ng,	CERN,	
Sep.	22,	2016,	hcps://indico.cern.ch/event/565330/.	
					●	D.	Zhou,	“Recent	progress	on	la#ce	transla,on	from	SAD	to	
MAD-X	for	FCC-ee”,	47th	FCC-ee	design	mee8ng,	Feb.	24,	2017.	
					●	D.	Sagan,	“The	Bmad	Reference	Manual”,	hcps://
www.classe.cornell.edu/~dcs/bmad/manual.html.	
					●	SAD	Home	Page,	hcp://acc-physics.kek.jp/SAD/	(SAD	manual	
under	prepara8on).	
					●	MAD-X	user’s	guide,	hcp://mad.web.cern.ch/mad/

1. Introduction
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➤	Efforts	for	laAce	transla8ons:	SAD	<->	MAD/MAD-X	
					●	MAD	->	SAD:	H.	Koiso(KEK),	Y.	Wang(IHEP),	et	al.	
					●	MAD-X	->	SAD:	A.	Morita(KEK,	2008)	
					●	SAD	->	MAD:	Y.	Wang(IHEP),	et	al.	
					●	SAD	->	MAD-X:	A.	Morita(KEK),	K.	Oide(KEK),	Y.	Wang(IHEP),	et	al.	
					●	…	…	
➤	Efforts	for	laAce	transla8ons:	Other	tools	
					●	SAD	<->	Bmad:	D.	Sagan(Cornell),	E.	Forest(KEK),	et	al.	
					●	Bmad	<->	UAP	<->	MAD-X:	D.	Sagan(Cornell),	et	al.	
					●	Bmad	<->	MAD/MAD-X,	Bmad	<->	PTC,	MAD-X	<->	PTC:	D.	
Sagan(Cornell),	E.	Forest(KEK),	P.	Skowronski,	et	al.	
					●	SAD	->	AT:	N.	Carmignani,	S.M.	Liuzzo(ESRF),	et	al.	
					●	…	…
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➤	Efforts	for	laAce	transla8ons	
					●	SAD	and	PTC:	developed	at	KEK,	many	shared	features	(transfer	
maps,	symplec8c	integrator,	…)	
					●	PTC	integrated	into	MAD-X	and	Bmad

MAD-X

Bmad
PTC

AML/UAP

SAD

MAD
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➤	Archive	for	examples	of	laAce	transla8on	
					●	Uploaded	to	MAD-X	svn	repository:	hcp://svnweb.cern.ch/
world/wsvn/madx/branches/madX-SAD/tools/translators/	(s8ll	under	
construc8on)	[Thanks	to	L.	Deniau	and	I.	Tecker]	
					●	Classified	by	routes	of	transla8ons	
					●	Used	programs:	MAD-X/PTC,	SAD,	Bmad/PTC,	UAP	
					●	Sample	jobs	prepared	for	demonstra8on	and	benchmarks

NOTE:	Please	inform	me	IF	there	are	possible	
copyright	viola8ons!

http://svnweb.cern.ch/world/wsvn/madx/branches/madX-SAD/tools/translators/
http://svnweb.cern.ch/world/wsvn/madx/branches/madX-SAD/tools/translators/
http://svnweb.cern.ch/world/wsvn/madx/branches/madX-SAD/tools/translators/
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➤	Archive	for	examples	of	laAce	transla8on	
					●	Sub-directories	for	SAD	to	MAD-X	transla8on:
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➤	A	benchmark	of	MAD-X	and	SAD:	CLIC	FFS	
					●	Condi8ons:	
									*	Track	“orbit”	for	a	test	par8cle	
									*	No	soL	edge	fringe,	no	solenoid	
					●	Hard	edge	fringe:	SAD=PTC≈MAD-X	
					●	For	longitudinal	transforma8on:	SAD=PTC≈MAD-X	(SeAngs	for	
PTC:	ICASE=6,	TIME=true)

Courtesy	of	Paul	Thrane

2. Current status



➤	A	benchmark	of	MAD-X	and	SAD:	CLIC	FFS	
					●	Condi8ons:	
									*	Twiss	with	momentum	offset	
									*	No	soL	edge	fringe,	no	solenoid	
					●	Hard	edge	fringe:	Negligible	
					●	SAD:	High-order	chroma8city	due	to	DRIFT	
					●	MAD-X/PTC:	ICASE=5	(Need	proper	seAngs?)

For	a	DRIFT:	

11

2. Current status

�(�, s) = �0 +
s2

�0(1+�)2

Courtesy	of	Paul	Thrane



Quadrupole:

Reference	synchronous	par8cle:	
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➤	Hamiltonian	
					●	Hamiltonian	for	a	rela8vis8c	par8cle	in	an	electromagne8c	field	
in	Cartesian	coordinate	system:	

					●	Hamiltonian	used	in	SAD:	
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q
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➤	A	DRIFT	(L)	is	nonlinear	…	
					●	Hamiltonian	for	a	DRIFT:	

					●	Symplec8c	transforma8on	(exact	solu8on):	
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➤	A	DRIFT	with	solenoid	field	(L,	BZ)	
					●	Hamiltonian	for	a	DRIFT	+	solenoid	field:	

					●	Symplec8c	transforma8on	(exact	solu8on):	

				●	The	SOL	element	in	SAD	is	special:	NO	acribute	of	L	
				●	The	next	case:	L≠0,	BZ≠0,	K0≠0,	SK0≠0	[Solvable]
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➤	Fringe	fields:	Bend	soL	edge	fringe	(From	Bmad	manual)
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➤	Fringe	fields:	Quad.	soL	edge	fringe	(From	Bmad	manual)



3. Symplectic tracking in SAD

17

➤	Fringe	fields:	Hard	edge	fringe	(From	Bmad	manual)

Note:	
This	equa8on	is	general,	
applying	for	BEND,	QUAD,	
SEXT,	…	to	arbitrary	order.	
But	BEND	is	special!
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➤	Fringe	fields:	Hard	edge	fringe	for	BEND	
					●	Two	models	found	for	hard-edge	fringe	
								*	E.	Forest:	“Parallel-plate”	shape	(popular	theory)	
								*	Y.	Cai:	Round	shape	(SLAC-PUB-11181,	apply	for	SC	magnets?)

SC	magnet	
(From	S.	Russenschuck’s	textbook,	2010)

Usual	case	
(From	SuperKEKB	TDR)
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➤	Fringe	fields:	Hard	edge	fringe	for	BEND	
					●	Maxwellian	solu8on	for	hard-edge	dipole	field	
								*	G.	Lee-Whi8ng	et	al.	=>	E.	Forest	et	al.	
								*	S.	Caspi	et	al.	=>	M.	BasseA	et	al.	=>	Y.	Cai	et	al.

The	model	for	harmonics	expansion.	
The	field	is	confined	inside	a	circle	

with	r<r0	
(From	S.	Russenschuck’s	textbook,	

2010)

The	model	for	wide	magnet.	
The	filed	is	confined	at	region	of	

	-b<y<b	and	-∞<x<∞
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➤	Fringe	fields:	Hard	edge	fringe	for	BEND	
					●	Maxwellian	solu8on	for	hard-edge	dipole	field	
								*	G.	Lee-Whi8ng	et	al.	=>	E.	Forest	et	al.	
								*	S.	Caspi	et	al.	=>	M.	BasseA	et	al.	=>	Y.	Cai	et	al.

Ay 6= 0Ay = 0
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➤	Fringe	fields:	Hard	edge	fringe	for	BEND	
					●	Maxwellian	solu8on	for	hard-edge	dipole	field	
								*	G.	Lee-Whi8ng	et	al.	=>	E.	Forest	et	al.	
								*	S.	Caspi	et	al.	=>	M.	BasseA	et	al.	=>	Y.	Cai	et	al.

Field	distribu8on	with	hard-edge:	Field	distribu8on	with	hard-edge:	
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➤	Fringe	fields:	Hard	edge	fringe	for	BEND	
					●	Maxwellian	solu8on	for	hard-edge	dipole	field	
								*	G.	Lee-Whi8ng	et	al.	=>	E.	Forest	et	al.	
								*	S.	Caspi	et	al.	=>	M.	BasseA	et	al.	=>	Y.	Cai	et	al.

Implemented	in	SAD:

Apply	for	LHC	and	FCCs?:
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➤	Solenoid	region	
					●	The	most	complicated	part	in	SAD	
					●	SAD	uses	GEO	and	BOUND	to	define	a	solenoid	region	
					●	Acceptable	elements	inside	solenoid	region:	DRIFT,	
BEND(ANGLE=0),	QUAD	and	MULT	
					●	To	simplify	the	transforma8on:	In	a	SOL	region,	the	coordinate	is	
shiLed	on	the	axis	of	the	solenoid,	no	macer	how	the	design	orbit	
bends	there.
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➤	Solenoid	region	
					●	DRIFT	with	BZ≠0	(see	p.14	of	this	talk)	
					●	BEND	with	BZ≠0:	L≠0,	K0≠0,	SK0≠0,	ANGLE=0	[Solvable]	
					●	QUAD	with	BZ≠0:	L≠0,	K1≠0,	SK1≠0	[Approxima8on	needed]	
					●	The	general	case:	MULT	with	BZ≠0	[Need	mul8-step	integra8on]	
									*	Step	1:	Solenoid	fringe	at	the	entrance	
									*	Step	2:	Rota8on	of	coordinate	to	cancel	SK1	
									*	Step	3:	Calculate	the	number	slices	for	tracking	
									*	Step	4:	Nonlinear	Maxwellian	fringe	map	at	the	entrance	
									*	Step	5:	Linear	soL	edge	fringe	at	the	entrance	
									*	Step	6:	Body	part	using	“driL-kick-driL”	integra8on	
									*	Step	7-11:	Maps	at	exit



Solenoid	axis
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➤	Tilted	solenoid:	FCC-ee	as	an	example	
					●	SAD:	Orbit	patching	

					●	Beam	line:	(-ES3L	-LX2	-ES2L	-LX1	-ES1L	-IP	IP	ES1R	LX1	ES2R	LX2	ES3R)
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➤	Tilted	solenoid:	FCC-ee	as	an	example	
					●	MAD-X:	Solenoid	with	MATRIX	(From	A.	Morita)	[To	be	tested]
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➤	Tilted	solenoid:	FCC-ee	as	an	example	
					●	MAD-X:	Solenoid	with	misalignments	(From	E.	Gianfelice-Wendt)	
					●	Beam	line:	(ES2L	ES1L	IP	ES1R	ES2R)	
					●	Orbit	patching	also	used	(?)
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➤	LaAce	transla8on	
					●	Translators	collected	
					●	Examples	uploaded	to	MAD-X	svn	repository	
					●	Benchmark	of	SAD	and	MAD-X/PTC	
					●	Tests,	benchmarks	and	contribu8on	to	translator	developments/
improvements	are	welcomed	[Integrate	efforts	from	IHEP]	
➤	Symplec8c	tracking	in	SAD	
					●	Symplec8c	transforma8ons	as	less	approxima8on	as	possible	
					●	SoL-edge	fringe	maps	are	useful	for	MAD-X	
					●	Simple	(8lted)	solenoid	(such	as	FCC-ee	design)	seems	to	be	
translatable	to	MAD-X	
					●	MULT	fields	superimposed	with	solenoid	fields	(such	as	
SuperKEKB	FFS)	are	the	most	difficult	part	in	SAD	<->	MAD-X	
transla8on


