
Simon	C.	Leemann
ALS/LBNL,	September	29,	2016

The	MAX	IV	3	GeV	Storage	Ring
From	Design	to	Commissioning
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Once	upon	a	?me	in	a	very	cold	&	distant	land...
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• Around	2007:	MAX-lab	opera@ng
three	storage	rings	for	users
• But	wants	to	expand	towards
high-brightness	x-rays

MAX	I	:	550	MeV,	1986
MAX	II:	1.5	GeV,	1996
MAX	III:	700	MeV,	2007

Sweden

MAX-lab
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MAX	IV	Facility	Overview
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• These	plans	call	for	a	new	facility
• Quickly	realize	a	single	accelerator	cannot	cover	the	en@re	
required	spectral	and	temporal	range
• Aaer	a	facility-wide	op@miza@on,	decide	instead	to	build	3	
new	accelerators:
– one	≈3.5	GeV	linac	as
SPF/FEL	driver	&	ring
injector	(separate	guns)
– two	separate	storage
rings	at	1.5	GeV	(UV)
and	3	GeV	(x-rays)

Photo	courtesy	P.	Nordeng

Feb	5,	2015	



• Facility	can	accommodate	up	to	32	user	beamlines:
3	@	SPF,	10	@	1.5	GeV	SR,	19	@	3	GeV	SR
• 14	have	been	funded	in	our	first	two	beamline	phases

Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

MAX	IV	Facility	Overview	(cont.)
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01
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•MAX	IV	3	GeV	storage	ring	designed	for	x-ray	users	➔	high	
brightness	via	state-of-the-art	IDs,	high-current	top-up	
opera@on	&	ultralow	emihance
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MAX	IV	Origins
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•MAX	IV	3	GeV	storage	ring	designed	for	x-ray	users	➔	high	
brightness	via	state-of-the-art	IDs,	high-current	top-up	
opera@on	&	ultralow	emihance
• Ultralow	emihance	achieved	through	MBA	laPce	(εx	~	1/Nb3)

TME:	brute-force	approach	I5/I2	➔	0	easily	leads	to	overstrained	op@cs,	chroma@city	wall
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MAX	IV	Origins	(cont.)
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•MAX	IV	3	GeV	storage	ring	designed	for	x-ray	users	➔	high	
brightness	via	state-of-the-art	IDs,	high-current	top-up	
opera@on	&	ultralow	emihance
• Ultralow	emihance	achieved	through	MBA	laPce	(εx	~	1/Nb3)

TME:	brute-force	approach	I5/I2	➔	0	easily	leads	to	overstrained	op@cs,	chroma@city	wall
MBA:	many	weak	dipoles,	distributed	chroma@city	correc@on	➔	allows	relaxing	op@cs
Gradient	dipoles:	reduce	emihance,	allow	for	more	compact	op@cs	➔	improves	MBA
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MAX	IV	Origins	(cont.)
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•MAX	IV	3	GeV	storage	ring	designed	for	x-ray	users	➔	high	
brightness	via	state-of-the-art	IDs,	high-current	top-up	
opera@on	&	ultralow	emihance
• Ultralow	emihance	achieved	through	MBA	laPce	(εx	~	1/Nb3)

TME:	brute-force	approach	I5/I2	➔	0	easily	leads	to	overstrained	op@cs,	chroma@city	wall
MBA:	many	weak	dipoles,	distributed	chroma@city	correc@on	➔	allows	relaxing	op@cs
Gradient	dipoles:	reduce	emihance,	allow	for	more	compact	op@cs	➔	improves	MBA
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MAX	IV	Origins	(cont.)
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•MAX	IV	3	GeV	storage	ring	designed	for	x-ray	users	➔	high	
brightness	via	state-of-the-art	IDs,	high-current	top-up	
opera@on	&	ultralow	emihance
• Ultralow	emihance	achieved	through	MBA	laPce	(εx	~	1/Nb3)

TME:	brute-force	approach	I5/I2	➔	0	easily	leads	to	overstrained	op@cs,	chroma@city	wall
MBA:	many	weak	dipoles,	distributed	chroma@city	correc@on	➔	allows	relaxing	op@cs
Gradient	dipoles:	reduce	emihance,	allow	for	more	compact	op@cs	➔	improves	MBA
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MAX	IV	Origins	(cont.)
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•MAX	IV	3	GeV	storage	ring	designed	for	x-ray	users	➔	high	
brightness	via	state-of-the-art	IDs,	high-current	top-up	
opera@on	&	ultralow	emihance
• Ultralow	emihance	achieved	through	MBA	laPce	(εx	~	1/Nb3)

TME:	brute-force	approach	I5/I2	➔	0	easily	leads	to	overstrained	op@cs,	chroma@city	wall
MBA:	many	weak	dipoles,	distributed	chroma@city	correc@on	➔	allows	relaxing	op@cs
Gradient	dipoles:	reduce	emihance,	allow	for	more	compact	op@cs	➔	improves	MBA
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MAX	IV	Origins	(cont.)
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•MAX	IV	3	GeV	storage	ring	designed	for	x-ray	users	➔	high	
brightness	via	state-of-the-art	IDs,	high-current	top-up	
opera@on	&	ultralow	emihance
• Ultralow	emihance	achieved	through	MBA	laPce	(εx	~	1/Nb3)

TME:	brute-force	approach	I5/I2	➔	0	easily	leads	to	overstrained	op@cs,	chroma@city	wall
MBA:	many	weak	dipoles,	distributed	chroma@city	correc@on	➔	allows	relaxing	op@cs
Gradient	dipoles:	reduce	emihance,	allow	for	more	compact	op@cs	➔	improves	MBA
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MAX	IV	Origins	(cont.)
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•MAX	IV	3	GeV	storage	ring	designed	for	x-ray	users	➔	high	
brightness	via	state-of-the-art	IDs,	high-current	top-up	
opera@on	&	ultralow	emihance
• Ultralow	emihance	achieved	through	MBA	laPce	(εx	~	1/Nb3)

• During	1990s	considered	“nice	idea”	but	not	realizable
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MAX	IV	Origins	(cont.)
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• During	the	2000s	MAX-lab	becomes	convinced	it	has	the	
technology	to	realize	an	MBA	laPce
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integra@on	(common	magnet	block	=	“girder”),	use	of	combined-
func@on	magnets
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MAX	IV	Origins	(cont.)
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25	mm

Photo	courtesy	A.	Nyberg



• During	the	2000s	MAX-lab	becomes	convinced	it	has	the	
technology	to	realize	an	MBA	laPce
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integra@on	(common	magnet	block	=	“girder”),	use	of	combined-
func@on	magnets
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MAX	IV	Origins	(cont.)
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Concrete	Support

Magnet	Block

DIPm
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• During	the	2000s	MAX-lab	becomes	convinced	it	has	the	
technology	to	realize	an	MBA	laPce
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integra@on	(common	magnet	block	=	“girder”),	use	of	combined-
func@on	magnets
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MAX	IV	Origins	(cont.)
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Photos	courtesy	M.	Johansson
JSR	21,	884-903	(2014)



• During	the	2000s	MAX-lab	becomes	convinced	it	has	the	
technology	to	realize	an	MBA	laPce
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integra@on	(common	magnet	block	=	“girder”),	use	of	combined-
func@on	magnets	
– NEG-coated	vacuum	chambers	➔	narrow	magnet	gaps	&	@ght	
magnet	spacing

Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

MAX	IV	Origins	(cont.)
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Old	MAX	II
dipole	chamber	(SS)

MAX	II	test
cooled	&	NEG-coated	Cu

J.	Vac.	Sci.	Technol.	A	28(2),	Mar/Apr	2010



• During	the	2000s	MAX-lab	becomes	convinced	it	has	the	
technology	to	realize	an	MBA	laPce
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integra@on	(common	magnet	block	=	“girder”),	use	of	combined-
func@on	magnets	
– NEG-coated	vacuum	chambers	➔	narrow	magnet	gaps	&	@ght	
magnet	spacing
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MAX	IV	Origins	(cont.)
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NEG-coated	OFS	Cu
24	mm	OD

Photo	courtesy	E.	Al-dmour

BPM	&	bellows
OFS	Cu

ø	22/24	mm

Cooling
channel

Cooling
channel

JSR	21,	878-883	(2014)



• During	the	2000s	MAX-lab	becomes	convinced	it	has	the	
technology	to	realize	an	MBA	laPce
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integra@on	(common	magnet	block	=	“girder”),	use	of	combined-
func@on	magnets	
– NEG-coated	vacuum	chambers	➔	narrow	magnet	gaps	&	@ght	
magnet	spacing
– 100	MHz	RF	system	with	passive	harmonic	cavi@es	➔	ensure	
stability,	good	Touschek	life@me	&	mi@gate	emihance	blowup	
from	IBS

Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

MAX	IV	Origins	(cont.)
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• During	the	2000s	MAX-lab	becomes	convinced	it	has	the	
technology	to	realize	an	MBA	laPce
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integra@on	(common	magnet	block	=	“girder”),	use	of	combined-
func@on	magnets	
– NEG-coated	vacuum	chambers	➔	narrow	magnet	gaps	&	@ght	
magnet	spacing
– 100	MHz	RF	system	with	passive	harmonic	cavi@es	➔	ensure	
stability,	good	Touschek	life@me	&	mi@gate	emihance	blowup	
from	IBS
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MAX	IV	Origins	(cont.)
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100	MHz 300	MHz

IPAC’11,	MOPC051,	p.193
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The	MAX	IV	3	GeV	Storage	Ring
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats

PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)
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The	MAX	IV	3	GeV	Storage	Ring	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats

PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)

August	14,	2015	
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The	MAX	IV	3	GeV	Storage	Ring	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats

PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)
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The	MAX	IV	3	GeV	Storage	Ring	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats

PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)
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The	MAX	IV	3	GeV	Storage	Ring	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats
• 19	long	straights	(4.6	m)	for	users,	1	for	injec@on
• 40	short	straights	(1.3	m)	for	RF	&	diagnos@cs
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PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)
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The	MAX	IV	3	GeV	Storage	Ring	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats
• 19	long	straights	(4.6	m)	for	users,	1	for	injec@on
• 40	short	straights	(1.3	m)	for	RF	&	diagnos@cs
• 7-bend	achromat:	5	unit	cells	(3°)	&	2	matching	cells	(1.5°	LGB)
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PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)
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The	MAX	IV	3	GeV	Storage	Ring	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats
• 19	long	straights	(4.6	m)	for	users,	1	for	injec@on
• 40	short	straights	(1.3	m)	for	RF	&	diagnos@cs
• 7-bend	achromat:	5	unit	cells	(3°)	&	2	matching	cells	(1.5°	LGB)
• High-brightness	hard	x-rays	achieved	through:
– state-of-the-art	IDs	(in-vacuum	undulators,	EPUs)
– 500	mA	stored	current,	(infrequent)	top-up	injec@on
– ultralow	emihance	laPce	&	harmonic	cavi@es	(life@me	&	IBS)
➔	εx	=	328	pm	rad	(εy	adjusted	to	2—8	pm	rad)

PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)

PRST-AB	17,	050705	(2014)

MAX-lab	Int.Note	20100215

PAC’13,	MOPHO05
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Linear	Op?cs
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• Gradient	dipoles	perform	
ver@cal	focusing	(εx	~	1/Jx)

Photo	courtesy	M.	Johansson
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Linear	Op?cs	(cont.)
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• Gradient	dipoles	perform	
ver@cal	focusing	(εx	~	1/Jx)
• Gradient	dipoles	inter-
leaved	with	horizontally	
focusing	quadrupoles

Photo	courtesy	M.	Johansson
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Linear	Op?cs	(cont.)
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• Gradient	dipoles	perform	
ver@cal	focusing	(εx	~	1/Jx)
• Gradient	dipoles	inter-
leaved	with	horizontally	
focusing	quadrupoles
• νx	=	42.20,	νy	=	16.28
βx*	=	9	m,	βy*	=	2	m
• σx*	=	54	μm,	σy*	=	2-4	μm
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Nonlinear	Op?cs

• Strong	focusing	&	weak	bends	➔	low	dispersion	➔	strong	
chroma@c	sextupoles	➔	intricate	nonlinear	op@cs	required	to	
achieve	large	DA	&	MA	(needs	to	remain	stable	under	influence	of	IDs	and	errors)
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Nonlinear	Op?cs	(cont.)

• Natural	ξx,y	≈	-50	➔	many	chroma@c	sextupoles	➔	correct	
linear	chroma@city	and	tailor	its	higher	orders	➔	addi@onal	
sextupoles	used	to	minimize	first-order	RDTs	(low	since	phase	adv.	≈	2π×2,	2π×3/4)

32

PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)

15
x [m]

y [m]

5 10 20 25

2.0



Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

Nonlinear	Op?cs	(cont.)

• Natural	ξx,y	≈	-50	➔	many	chroma@c	sextupoles	➔	correct	
linear	chroma@city	and	tailor	its	higher	orders	➔	addi@onal	
sextupoles	used	to	minimize	first-order	RDTs	(low	since	phase	adv.	≈	2π×2,	2π×3/4)

• Strong	sextupoles	drive	large	ADTS	➔	achroma@c	octupoles	
allow	tailoring	ADTS	to	first	order	➔	minimize	tune	footprint
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Nonlinear	Op?cs	(cont.)

• Natural	ξx,y	≈	-50	➔	strong	chroma@c	sextupoles	➔	correct	
linear	chroma@city	and	tailor	its	higher	orders	➔	addi@onal	
sextupoles	used	to	minimize	first-order	RDTs	(low	since	phase	adv.	≈	2π×2,	2π×3/4)

• Strong	sextupoles	drive	large	ADTS	➔	achroma@c	octupoles	
allow	tailoring	ADTS	to	first	order	➔	minimize	tune	footprint
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PRST-AB	14,	030701	(2011)
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Nonlinear	Op?cs	(cont.)

• Natural	ξx,y	≈	-50	➔	strong	chroma@c	sextupoles	➔	correct	
linear	chroma@city	and	tailor	its	higher	orders	➔	addi@onal	
sextupoles	used	to	minimize	first-order	RDTs	(low	since	phase	adv.	≈	2π×2,	2π×3/4)

• Strong	sextupoles	drive	large	ADTS	➔	achroma@c	octupoles	
allow	tailoring	ADTS	to	first	order	➔	minimize	tune	footprint
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• Nonlinear	op@miza@on	results	in	small	amplitude-dependent	
and	chroma@c	tune	shias	(tracking	in	Tracy-3)
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Op?cs	Performance
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Photo	courtesy	A.	NybergPhoto	courtesy	A.	Nyberg

PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)
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• Nonlinear	op@miza@on	results	in	small	amplitude-dependent	
and	chroma@c	tune	shias	(tracking	in	Tracy-3)
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Op?cs	Performance	(cont.)
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Photo	courtesy	A.	NybergPhoto	courtesy	A.	Nyberg

PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)
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• Nonlinear	op@miza@on	results	in	small	amplitude-dependent	
and	chroma@c	tune	shias	(tracking	in	Tracy-3)
• Overall	tune	footprint	becomes	very	compact	both	on	and	
off	momentum
– large	on-momentum	DA	ensures	good	injec@on	efficiency
– large	off-momentum	DA	ensures	good	laPce	MA
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Op?cs	Performance	(cont.)
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• Nonlinear	op@miza@on	results	in	small	amplitude-dependent	
and	chroma@c	tune	shias	(tracking	in	Tracy-3)
• Overall	tune	footprint	becomes	very	compact	both	on	and	
off	momentum
– large	on-momentum	DA	ensures	good	injec@on	efficiency
– large	off-momentum	DA	ensures	good	laPce	MA
– DA	stable	under	influence	of	IDs,	magnet	errors	&	misalignments
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Op?cs	Performance	(cont.)
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PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)



• Example:	10	IVUs,	gaps	fully	closed,	ring	op@cs	matched,	
magnet	and	alignment	errors	included	(20	seeds)

• IVU	“pmuL”:
3.7	m	long,	1.1	T	peak	field,
18.5	mm	period,	4.2	mm	gap

•Misalignments:
50	µm	rms	H/V
0.2	mrad	rms	roll
25	µm	rms	H/V
0.2	mrad	rms	roll

• Field	Errors:
0.05%	rms	within	each	family

• Mul@pole	Errors:
Upright	and	skew	mul@poles	added

for	each	magnet	block}
for	all	magnets	within}
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Op?cs	Performance	(cont.)
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Photo	courtesy	A.	Nyberg

PAC’11,	TUP235,	p.1262

IPAC’15,	TUPJE038



• Large	off-momentum	DA	enables	generous	laPce	MA
• In	conjunc@on	with	appropriately	dimensioned	RF	system	
can	lead	to	large	overall	MA
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Op?cs	Performance	(cont.)
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Photo	courtesy	A.	NybergPhoto	courtesy	A.	Nyberg

PRST-AB	17,	050705	(2014)

MAX	IV	3	GeV	SR
Ucav	=	1.8	MV	(max)
Target:	δacc	>	4.5%
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• Large	overall	MA	is	required	if	ultralow	emihance
should	render	good	Touschek	life@me
(low	emihance	➔	small	transverse	momenta	➔	few	scahering	events	lead	to	actual	Touschek	loss)

Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

Op?cs	Performance	(cont.)
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• Large	overall	MA	is	required	if	ultralow	emihance
should	render	good	Touschek	life@me
(low	emihance	➔	small	transverse	momenta	➔	few	scahering	events	lead	to	actual	Touschek	loss)

• Use	300	MHz	Landau	cavi@es	to	stretch	bunches	×5	➔	extend	
Touschek	life@me	beyond	gas	life@me
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Op?cs	Performance	(cont.)
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• Large	overall	MA	is	required	if	ultralow	emihance
should	render	good	Touschek	life@me
(low	emihance	➔	small	transverse	momenta	➔	few	scahering	events	lead	to	actual	Touschek	loss)

• Use	300	MHz	Landau	cavi@es	to	stretch	bunches	×5	➔	extend	
Touschek	life@me	beyond	gas	life@me
• At	MAX	IV	Landau	cavi@es	are	indispensable	to	maintain	
ultralow	emihance	despite	strong	IBS	at	500	mA	stored	
current	(5	nC/bunch)
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Op?cs	Performance	(cont.)
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PRST-AB	12,	120701	(2009)

PRST-AB	17,	050705	(2014)



• Large	overall	MA	is	required	if	ultralow	emihance
should	render	good	Touschek	life@me
(low	emihance	➔	small	transverse	momenta	➔	few	scahering	events	lead	to	actual	Touschek	loss)

• Use	300	MHz	Landau	cavi@es	to	stretch	bunches	×5	➔	extend	
Touschek	life@me	beyond	gas	life@me
• At	MAX	IV	Landau	cavi@es	are	indispensable	to	maintain	
ultralow	emihance	despite	strong	IBS	at	500	mA	stored	
current	(5	nC/bunch)
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Op?cs	Performance	(cont.)
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PRST-AB	12,	120701	(2009)

PRST-AB	17,	050705	(2014)
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• These	modern	rings	are	really	a	different	beast
–MBA	laPces	employ	very	weak	dipoles	
– installed	DWs	and/or	IDs	can	have	huge	impact	on	rad.	power
– emihance	&	energy	spread	determined	by	IDs	&	gap	sePngs
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Op?cs	Performance	(cont.)
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PRST-AB	17,	050705	(2014)
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• These	modern	rings	are	really	a	different	beast
–MBA	laPces	employ	very	weak	dipoles	
– installed	DWs	and/or	IDs	can	have	huge	impact	on	rad.	power
– emihance	&	energy	spread	determined	by	IDs	&	gap	sePngs	
– IBS	entangles	longitudinal	and	transverse	dynamics	(@	low/medium	energy)

– despite	top-up,	as	gaps	change	during	user	shias	➔	varying	
emihance,	bunch	length,	life@me,	etc.	➔	will	need	to	monitor	
closely	➔	feedback	wiggler?
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Op?cs	Performance	(cont.)
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PRST-AB	17,	050705	(2014)
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Linac	&	Injec?on

48

•MAX	IV	linac:	39	S-band	structures	&	19	RF	sta@ons	(SS	
modulator,	klystron,	and	SLED	cavi@es)	➔	≈3.5	GeV	(on	crest)
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Linac	&	Injec?on	(cont.)
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•MAX	IV	linac:	39	S-band	structures	&	19	RF	sta@ons	(SS	
modulator,	klystron,	and	SLED	cavi@es)	➔	≈3.5	GeV	(on	crest)

3	GHz	Klystron

SS	Modulator

Klystron	Gallery
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Linac	&	Injec?on	(cont.)
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•MAX	IV	linac:	39	S-band	structures	&	19	RF	sta@ons	(SS	
modulator,	klystron,	and	SLED	cavi@es)	➔	≈3.5	GeV	(on	crest)

SLED	Cavi?es

Linac	Tunnel
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Linac	&	Injec?on	(cont.)
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•MAX	IV	linac:	39	S-band	structures	&	19	RF	sta@ons	(SS	
modulator,	klystron,	and	SLED	cavi@es)	➔	≈3.5	GeV	(on	crest)
• Two	guns	(SPF/FEL	vs.	ring	injec@on)
• Two	magne@c	bunch	compressors	(SPF/FEL)
• Two	extrac@on	points	to	SR	transfer	lines
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SPF''
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1.5'GeV'
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Kicker'&'
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Linac	&	Injec?on	(cont.)
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•MAX	IV	linac:	39	S-band	structures	&	19	RF	sta@ons	(SS	
modulator,	klystron,	and	SLED	cavi@es)	➔	≈3.5	GeV	(on	crest)
• Two	guns	(SPF/FEL	vs.	ring	injec@on)
• Two	magne@c	bunch	compressors	(SPF/FEL)
• Two	extrac@on	points	to	SR	transfer	lines

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'Final	Linac	Structure

2	Extrac?on	Magnets

Lambertson	Septum
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To	SR
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Linac	&	Injec?on	(cont.)
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•MAX	IV	linac:	39	S-band	structures	&	19	RF	sta@ons	(SS	
modulator,	klystron,	and	SLED	cavi@es)	➔	≈3.5	GeV	(on	crest)
• Two	guns	(SPF/FEL	vs.	ring	injec@on)
• Two	magne@c	bunch	compressors	(SPF/FEL)
• Two	extrac@on	points	to	SR	transfer	lines

Kicker'&'
septum'
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3'GeV'

BC1'@'260'MeV'
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Storage	Ring
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Linac	&	Injec?on	(cont.)
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• The	original	plan:	conven@onal	4-kicker	bump	injec@on

• But	worried	about	stored	beam
stability	during	top-up	
– 200	nm	ver@cal	stability	requirement

• Also	worried	about	complexity
–matching,	synchronizing	and	aligning	4	kickers/pulsers	to	
properly	close	bump
– strong	sextupoles	&	octupoles	within	bump:	bump	can	only	be	
properly	closed	for	one	energy	and	amplitude
– 4	kickers	and	septum	require	lots	of	space

Transfer	Line

K1
K2

K3
K4

Septum
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• Intrigued	by	KEK’s	pioneering	work	on	PQM	and	PSM
– align	only	a	single	magnet	to	stored	beam
– synchronize	only	one	pulser	to	injec@on
– PSM	field	flat	around	stored	beam
➡minute	perturba@on	of	stored	beam	by	PSM

PRST-AB	10,	123501	(2007)

PRST-AB	13,	020705	(2010)

Magne@c	field	at	15	mm 40	mT

Magne@c	length 300	mm

Bore	diameter 66	mm

Peak	current 3000	A

Pulse	length 1.2	/	2.4	µs
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• Decided	to	use	pulsed	sextupole	magnet	injec@on	for	top-up	
injec@on	into	both	MAX	IV	storage	rings
• Strong	nonlineari@es	in	MAX	IV	storage	rings	➔	tracking	(Tracy-3,	
DIMAD):	op@miza@on	of	beam	posi@on/angle	in	septum	&	loca@on/strength	of	PSM

cos�psm = ±Ared

Ainj
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Determine	loca?on	of	
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required	to	minimize	
invariant	aler	capture

PRST-AB	15,	050705	(2012)
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• Decided	to	use	pulsed	sextupole	magnet	injec@on	for	top-up	
injec@on	into	both	MAX	IV	storage	rings
• Strong	nonlineari@es	in	MAX	IV	storage	rings	➔	tracking	(Tracy-3,	
DIMAD):	op@miza@on	of	beam	posi@on/angle	in	septum	&	loca@on/strength	of	PSM

PRST-AB	15,	050705	(2012)
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• Decided	to	use	pulsed	sextupole	magnet	injec@on	for	top-up	
injec@on	into	both	MAX	IV	storage	rings
• Strong	nonlineari@es	in	MAX	IV	storage	rings	➔	tracking	(Tracy-3,	
DIMAD):	op@miza@on	of	beam	posi@on/angle	in	septum	&	loca@on/strength	of	PSM

PRST-AB	15,	050705	(2012)
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• Decided	to	use	pulsed	sextupole	magnet	injec@on	for	top-up	
injec@on	into	both	MAX	IV	storage	rings
• Strong	nonlineari@es	in	MAX	IV	storage	rings	➔	tracking	(Tracy-3,	
DIMAD):	op@miza@on	of	beam	posi@on/angle	in	septum	&	loca@on/strength	of	PSM

• PSM	gradient	not	an	issue	because	of	low	injected	emihance
(linac:	εn	=	10	mm	mrad	➔	εx	=	1.7	nm	rad;	SR:	≈0.3	nm	rad,	≈11	mm	mrad	acceptance)

• Capture	shows	significant	tolerance	to	injec@on	errors
(low	injected	emihance	in	conjunc@on	with	comparably	large	ring	acceptance)

PRST-AB	15,	050705	(2012)
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• Aaer	working	on	a	reference	design	for	a	MAX	IV	pulsed	
sextupole	magnet... PAC’13,	WEPSM05

Magne@c	field	at	4.7	mm 39	mT

Magne@c	length 300	mm

Bore	diameter 32	mm

Peak	current 2125	A

Pulse	length	3	GeV	/	1.5	GeV 3.5	µs	/	640	ns

19.3	kV
93	kV	@	400	mm	length

 0  1  2  3  4

Ki
ck

 [a
.u

.]

t / Trev [ ]

Two-turn injection

inject here
2nd pass

3rd pass

PRST-AB	15,	050705	(2012)

•	symmetry	required	to	minimize	stored	beam	perturba?on
•	cannot	accommodate	for	aspect	ra?o	of	BSC
•	20.6	J	stored	energy	@	300	mm	length
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• Aaer	working	on	a	reference	design	for	a	MAX	IV	pulsed	
sextupole	magnet...	switched	to	a	beher	idea
• BESSY	nonlinear	injec@on	kicker	prototype
– stripline-like	design	with	4	low-impedance	coils
–minimize	stored	beam	perturba@on	(octupole-like	around	center)

Flat	center

Max.	at	inj.	bunch

Octupole-like	→	zero-crossing

P.	Kuske,	Top-up	WS,	Melbourne,	2009

IPAC’11,	THPO024,	p.3394

PAC’13,	WEPSM05
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• In	2011	entered	collabora@on	with	SOLEIL	in	associa@on	with	
HZB	to	develop	a	new	nonlinear	injec@on	kicker	for	MAX	IV	
based	on	the	original	BESSY	concept
• Considering	MAX	IV	ver@cal	aperture	requirements	and	
chosen	vacuum	vessel	design,	will	have	to	inject	on	slope

7	mm	from	midplane

47	mm	×	8	mm

300	mm	air-cooled	ceramic	vessel
with	precision-machined	grooves	for	Cu	rods	

JL.	Marlats,	SOLEIL
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• In	2011	entered	collabora@on	with	SOLEIL	in	associa@on	with	
HZB	to	develop	a	new	nonlinear	injec@on	kicker	for	MAX	IV	
based	on	the	original	BESSY	concept
• Considering	MAX	IV	ver@cal	aperture	requirements	and	
chosen	vacuum	vessel	design,	will	have	to	inject	on	slope

47	mm	×	8	mm

300	mm	air-cooled	ceramic	vessel
with	precision-machined	grooves	for	Cu	rods	

JL.	Marlats,	SOLEIL
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• But	thanks	to	low-emihance
injec@on	from	MAX	IV	linac,
can	inject	on	slope	without
sampling	too	much	gradient
for	good	capture

-100

-50

 0

 50

 100

 150

-4 -3 -2 -1  0  1  2  3  4

B
y 

[m
T

]

x [cm]

xinj

Nonlinear Injection Kicker
Ideal Octupole

Ideal PSM

-1

-0.5

 0

 0.5

 1

-15 -10 -5  0  5  10

x’
 [
m

ra
d
]

x [mm]

1

2

3

4
5

Acceptance

Septum Blade

Ideal	dipole	kick

PSM

Mul?pole	Kicker

PAC’13,	WEPSM05

Field	data	for	tracking	
extracted	from	OPERA	

models	(sta?c	&	transient)	
including	4	μm	Ti	coa?ng
(OPERA	model	courtesy
P.	Lebasque,	SOLEIL)



Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

Linac	&	Injec?on	(cont.)

65

• Injected	beam	and	stored
beam	see	octupole-like	field
• 39	mT	delivered	to	injected
beam	at	4.7	mm	as	required
• Stored	beam	perturba@on
remains	negligible -1
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• Nonlinear	kicker	(MIK)	should	enable	transparent	top-up	
injec@on	during	user	shias
• But	tricky	to	commission	(kick	scales	≈	x3)
• Instead,	for	commissioning	use	single	dipole	kicker	(KI)

Inject

Capture
(on/off-axis) Capture

(off-axis)

15
x [m]

y [m]

5 10 20 25

2.0

MIKSeptum

IP
TL

KI

NIM-A	693,	117,	2012

PRST-AB	15,	050705	(2012)
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• Nonlinear	kicker	(MIK)	should	enable	transparent	top-up	
injec@on	during	user	shias
• But	tricky	to	commission	(kick	scales	≈	x3)
• Instead,	for	commissioning	use	single	dipole	kicker	(KI)

Inject

Capture
(on/off-axis) Capture

(off-axis)

15
x [m]

y [m]

5 10 20 25

2.0

MIKSeptum

IP
TL

KI

NIM-A	693,	117,	2012

PRST-AB	15,	050705	(2012)

Photo	courtesy	P.F.	TavaresPulsers	(BINP)
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• Nonlinear	kicker	(MIK)	should	enable	transparent	top-up	
injec@on	during	user	shias
• But	tricky	to	commission	(kick	scales	≈	x3)
• Instead,	for	commissioning	use	single	dipole	kicker	(KI)

Inject

Capture
(on/off-axis) Capture

(off-axis)

15
x [m]

y [m]

5 10 20 25

2.0

MIKSeptum

IP
TL

KI

NIM-A	693,	117,	2012

PRST-AB	15,	050705	(2012)

Photo	courtesy	P.F.	TavaresPulsers	(BINP)

Photo	courtesy	P.F.	Tavares
Ceramic	chamber
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• Nonlinear	kicker	(MIK)	should	enable	transparent	top-up	
injec@on	during	user	shias
• But	tricky	to	commission	(kick	scales	≈	x3)
• Instead,	for	commissioning	use	single	dipole	kicker	(KI)

Inject

Capture
(on/off-axis) Capture

(off-axis)

15
x [m]

y [m]

5 10 20 25

2.0

MIKSeptum

IP
TL
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NIM-A	693,	117,	2012

PRST-AB	15,	050705	(2012)

Photo	courtesy	P.F.	TavaresPulsers	(BINP)

Photo	courtesy	P.F.	Tavares
Ceramic	chamber

Dipole	kicker	(BINP)



• Injec@on	with	a	single	dipole	kicker:
– on-axis	injec@on	(-0.6	mrad	at	septum)
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NIM-A	693,	117,	2012
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• Injec@on	with	a	single	dipole	kicker:
– on-axis	injec@on	(-0.6	mrad	at	septum)

– off-axis	injec@on
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NIM-A	693,	117,	2012
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• Injec@on	with	a	single	dipole	kicker:
– on-axis	injec@on	(-0.6	mrad	at	septum)

– off-axis	injec@on
– and	allows	for	accumula@on
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NIM-A	693,	117,	2012
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• Linac	beam	commissioning	started	August	2014
• Eventually	reached	3.2	GeV	in	BC2
– ≈0.8	nC	in	100	ns	train	delivered	at	1	Hz	(corresponds	to	≈0.5	mA	in	SR)

– ≈7	mm	mrad	delivered	in	ver@cal	plane	(chopper	sweep	plane)
– roughly	on-crest	phasing	of	all	linacs	➔	±0.3%	energy	spread
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3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'
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• 500	MHz	and	100	MHz	bunch	structures	delivered
• Injec@on	demonstrated	in	trains	and	single-bunch

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'

Courtesy	D.	Olsson

Stripline	BPM	induced	voltage

Injec?on	into	single	ring	bucket	(10	ns)

10-8
Stripline	BPM	induced	voltage

100	ns	train	(10	bunches)

Courtesy	D.	Olsson
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• Linac	went	into	shutdown	at	end	of	April	2015	for	transfer	
line	installa@ons	&	last	phase	of	exp.	hall	construc@on
• Linac	restarted	Aug	3,	2015
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• First	beam	into	full	3	GeV	transfer	line	(TL)	on	Aug	10
• TL	op@cs	fixed,	successful	injec@on	into	3	GeV	SR	on	Aug	19

70	ns	➔	35	bunches	in	train

Ring	BPM	Budon
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• First	beam	into	full	3	GeV	transfer	line	(TL)	on	Aug	10
• TL	op@cs	fixed,	successful	injec@on	into	3	GeV	SR	on	Aug	19
•With	some	manual	adjustments	of	angle	and	posi@on	at	
injec@on	point	in	SR	(using	diode	rings),	immediately	detected	
beam	on	all	BPMs	in	first	achromat	(up	to	first	closed	valve)

≈950	pC	at	linac	extrac?on

≈400	pC	at	storage	ring	injec?on
≈	2	mm	×	1	mm

Screen	in	SR	aler	septum
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• First	beam	into	full	3	GeV	transfer	line	(TL)	on	Aug	10
• TL	op@cs	fixed,	successful	injec@on	into	3	GeV	SR	on	Aug	19
•With	some	manual	adjustments	of	angle	and	posi@on	at	
injec@on	point	in	SR	(using	diode	rings),	immediately	detected	
beam	on	all	BPMs	in	first	achromat	(up	to	first	closed	valve)

• To	pass	beyond	straight	4	(without	correctors),	required	exci@ng	
dipole	injec@on	kicker	(exactly	according	to	design)
• Exited	dipole	kicker	at	≈75%	of	nominal	strength	and	saw	
amplitudes	reduce	roughly	60%	(Libera	Brilliance+	SP	read-out)



• First	beam	into	full	3	GeV	transfer	line	(TL)	on	Aug	10
• TL	op@cs	fixed,	successful	injec@on	into	3	GeV	SR	on	Aug	19
•With	some	manual	adjustments	of	angle	and	posi@on	at	
injec@on	point	in	SR	(using	diode	rings),	immediately	detected	
beam	on	all	BPMs	in	first	achromat	(up	to	first	closed	valve)

• To	pass	beyond	straight	4	(without	correctors),	required	exci@ng	
dipole	injec@on	kicker	(exactly	according	to	design)
• Exited	dipole	kicker	at	≈75%	of	nominal	strength	and	saw	
amplitudes	reduce	roughly	60%	(Libera	Brilliance+	SP	read-out)
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• Aug	25,	10pm:	reached	first	full	turn	without	exci@ng	a	single	
corrector	&	all	magnets	at	nominal	op@cs	for	3.0	GeV
•Without	sextupoles	&	octupoles	lost	beam	in	straight	11	
(while	all	correctors	set	to	zero);	ver@cal	orbit	substan@ally	reduced	with	
focusing	from	sextupoles	&	octupoles
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Libera	Brilliance+	SP	Data	3	GeV	SR

x

y

20	Achromats



• Aug	25,	10pm:	reached	first	full	turn	without	exci@ng	a	single	
corrector	&	all	magnets	at	nominal	op@cs	for	3.0	GeV
•Without	sextupoles	&	octupoles	lost	beam	in	straight	11	
(while	all	correctors	set	to	zero);	ver@cal	orbit	substan@ally	reduced	with	
focusing	from	sextupoles	&	octupoles	

• Aaer	a	few	minutes	of	manual	corrector	adjustments	and	
op@cs	tweaking	(mainly	in	TL	and	end	of	linac)	recorded	3	passages
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Libera	Brilliance+	ADC	Buffer	Budon	A

1
2
3



• Aug	25,	10pm:	reached	first	full	turn	without	exci@ng	a	single	
corrector	&	all	magnets	at	nominal	op@cs	for	3.0	GeV
•Without	sextupoles	&	octupoles	lost	beam	in	straight	11	
(while	all	correctors	set	to	zero);	ver@cal	orbit	substan@ally	reduced	with	
focusing	from	sextupoles	&	octupoles	

• Aaer	a	few	minutes	of	manual	corrector	adjustments	and	
op@cs	tweaking	(mainly	in	TL	and	end	of	linac)	recorded	3	passages
• Aaer	RF	condi@oning	(3	cavi@es	ready	for	beam	@	15-20	kW)	
and	various	other	fixes...

Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

3	GeV	Storage	Ring	Commissioning	(cont.)

83



• Aug	25,	10pm:	reached	first	full	turn	without	exci@ng	a	single	
corrector	&	all	magnets	at	nominal	op@cs	for	3.0	GeV
•Without	sextupoles	&	octupoles	lost	beam	in	straight	11	
(while	all	correctors	set	to	zero);	ver@cal	orbit	substan@ally	reduced	with	
focusing	from	sextupoles	&	octupoles	

• Aaer	a	few	minutes	of	manual	corrector	adjustments	and	
op@cs	tweaking	(mainly	in	TL	and	end	of	linac)	recorded	3	passages
• Aaer	RF	condi@oning	(3	cavi@es	ready	for	beam	@	15-20	kW)	
and	various	other	fixes...

• First	stored	beam	on	Sep	15	➔	≈0.1	mA	(≈170	pC	from	linac)
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Kicker	pulse	@	injec?on

Injected	beam

Stored	beam	from	previous
injec?on	shot	(0.5	Hz)

Revolu?on	period



• First	stacking	observed	Oct	8
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4.3	mA	accumulated

Storage	Ring	DCCT

0.1	mA
(≈1	linac	shot)



• First	stacking	observed	Oct	8
• Phasing	2	ring	cavi@es	➔	maximize	fs	and	improve	inj.	rate
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Spectrum	Analyzer

fs	=	536	HzBPM	sum	signal	when	kicker	on

479	kV	➔	expect	540	Hz

Courtesy	D.	Olsson

Phase	Cav	18
Phase	Cav	16

max	fs	=730	Hz



• First	stacking	observed	Oct	8
• Phasing	2	ring	cavi@es	➔	maximize	fs	and	improve	inj.	rate
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Spectrum	Analyzer

fs	=	536	HzBPM	sum	signal	when	kicker	on

479	kV	➔	expect	540	Hz

Courtesy	D.	Olsson

Phase	Cav	18
Phase	Cav	16

max	fs	=730	Hz

Storage	Ring	DCCT

Transfer	Line	CT

1.25	nC	(incl.	0.45	nC	offset)	@	0.5	Hz	➔	13.6	mA/min

19	mA	in	4	min	➔	4.75	mA/min	➔	35%	injec?on	efficiency



• First	linear	op@cs	studies	&	correc@ons
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Courtesy	M.	Sjöström

0.1	mrad	ver?cal	kick

0.1	mrad	horizontal	kick

Ver?cal	integer	tune	confirmed	16

Horizontal	integer	tune	confirmed	42



• First	linear	op@cs	studies	&	correc@ons

Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

3	GeV	Storage	Ring	Commissioning	(cont.)

89

25%	➔	14%	max	ηx	bea?ng

±20	➔	±12	mm	max	ηy

Dispersion	improved	aler	first	LOCO	adempts	&	fixing	sextupole	misalignment



• First	linear	op@cs	studies	&	correc@ons
• BPM	offsets	rela@ve	to	adjacent	sextupole/octupole	via	auxiliary	coil	powered	as	upright	quad
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H:	112	micron	rms

V:	143	micron	rms



• First	linear	op@cs	studies	&	correc@ons
• BPM	offsets	rela@ve	to	adjacent	sextupole/octupole	via	auxiliary	coil	powered	as	upright	quad
• Orbit	correc@on	to	<1	μm	rms	in	H;	larger	in	V	(since	NBPM	>	NVCM)

➔	apply	weigh@ng	so	orbit	always	locked	down	in	ID	straights
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H:	357	nm	rms

V:	61	μm	rmsExcursions	within	arcs	only
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
– aaer	adjus@ng	towards	design	tunes	(0.20/0.28)
– using	only	2	chroma@c	sextupole	families
– limited	Δp/p	range	➔	ξ(2)?

ξx	=	+1.0

ξy	=	+3.7
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
– aaer	adjus@ng	towards	design	tunes	(0.20/0.28)
– using	only	2	chroma@c	sextupole	families
– limited	Δp/p	range	➔	ξ(2)?

ξx	=	+1.0

ξy	=	+3.7

ξx(1)	=	+1.0

νx	=	42.20

νy	=	16.28

ξx(2)	=	-48	(-29)

ξy(2)	=	+8	(+9)

ξy(1)	=	+1.0
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2

Photo	courtesy	Å.	Andersson

IPAC’16,	WEPOW034
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2

Photo	courtesy	Å.	Andersson

IPAC’16,	WEPOW034

Courtesy	J.	Breunlin

1.5°	MC	dipole	➔	very	weak	ηx



• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
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Sigma polarized SR, 632.8 nm, SRW calculation (left) and measured image (right). The simulation is

done for εx = 320 pm rad, βy = 1.5 m.

Both figures show a 2 x 2 mm^2 area of the image plane.

The fringe pattern is too weak to be visible.

Optical magnification of m=-2.28 is taken into account in the SRW model

Horizontal opening angle: 6 mrad

Vertical opening angle: 8 mrad

Exposure time: 2.9 ms Courtesy	J.	Breunlin

SRW	simula?on Measurement

εx	=	320	pm	rad,	βx	=	1.5	m 2	mm	×	2	mm

IPAC’16,	WEPOW034



• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
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Sigma polarized SR, 632.8 nm, SRW calculation (left) and measured image (right). The simulation is

done for εx = 320 pm rad, βy = 1.5 m.

Both figures show a 2 x 2 mm^2 area of the image plane.

The fringe pattern is too weak to be visible.

Optical magnification of m=-2.28 is taken into account in the SRW model

Horizontal opening angle: 6 mrad

Vertical opening angle: 8 mrad

Exposure time: 2.9 ms Courtesy	J.	Breunlin

SRW	simula?on Measurement

εx	=	320	pm	rad,	βx	=	1.5	m 2	mm	×	2	mm

IPAC’16,	WEPOW034

to avoid image blurring from mechanical vibrations during
long exposure times.

The beamline front-end outside the radiation shielding
holds an optical table with a polarizing beam splitter (Glan-
Taylor prism), wavelength filters and the CCD camera. By
using the ordinary ray from the polarizer time resolved mea-
surements of SR with a sampling oscilloscope or a photo-
diode can be done simultaneously to SR imaging.

MODELING THE BEAMLINE
Images of the electron beam with SR in the IR-vis-UV

range are highly dominated by effects inherent to SR emis-
sion and diffraction. These effects are theoretically pre-
dictable and it is thus possible to derive both the horizontal
and vertical electron beam sizes from imaged SR. The theo-
retical calculations were done in the Synchrotron Radiation
Workshop (SRW) [5,6]. SRW is based on near-field calcu-
lations and preserves all phase information of the SR witch
is emitted by the ultra-relativistic electron beam along its
curved trajectory in the bending magnet. The SRW model
of our beamline contains the varying bending magnet field
as well as relevant optics such as apertures and the lens.

VERTICAL BEAM SIZE
MEASUREMENTS

Vertical intensity profiles of imaged π-polarized SR offers
vertical beam size resolution by evaluating the intensity ratio
of maxima and minima in the diffraction pattern, see [1].
Such a profile is shown in Fig. 3 for an imaging wavelength
of 488 nm at 1 nm bandwidth. Since in the present state
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Figure 3: Vertical profile of imaged π-polarized SR at
488 nm wavelength. Measurement (blue dots) and SRW
calculation (red lines). The vertical beam size is 11.5 µm.

of the MAX IV 3 GeV storage ring coupling and spurious
vertical dispersion are not yet minimized it is not required to
image in the near-UV. The diagnostic beamline is, however,
prepared for wavelength ranges down to 250 nm in order to
resolve vertical beam sizes less than 3 µm.

By introducing diffraction obstacles that cover various
vertical angles of the SR (see Fig. 4), complementary mea-
surement methods with a potentially higher sensitivity to

the vertical beam size become available [2]. The obsta-
cle heights range from 4.5 mm to 9 mm (from 1.83 mrad to
3.66 mrad vertical angle). A vertical profile measured using
the obstacle diffractometer is shown in Fig. 5.
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Figure 4: Schematic of the obstacle diffractometer technique.
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Figure 5: Vertical profile of imaged σ-polarized SR with
5 mm diffraction obstacle at 488 nm wavelength. Measure-
ment (blue dots) and SRW calculation (red lines).

When using a double-slit with a narrow slit widths 2a the
SR diffraction pattern can be predicted by analytical expres-
sions [2, 4], see Fig. 6. These analytical expressions hold as
long as the intensity variation over the slits, originating in the
non-isotropic emission of SR, is small. Due to the narrow
slits the intensity on the detector is, however, decreased by a
factor 5 compared to a diffraction obstacle of same height.

Table 1: Summary of Vertical Beam Size Measurement
Results

obstacle σy [µm]
height [mm] π-pol. σ-pol.
- 11.5 ± 0.23 -
4 11.3 ± 0.17 10.5 ± 0.20
5 11.3 ± 0.21 10.7 ± 0.18
6 11.0 ± 0.15 10.7 ± 0.17
9 11.3 ± 0.21 10.6 ± 0.16

The beamsize results achieved with π-polarized imaging
and with the obstacle diffractometer methods are shown in
Table 1. With the combined result for the vertical beam
size of 11.0±0.4 µm combined with beta functions from first
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
• Top-up	running	since	Nov	(closed	shuhers)
– injector	&	linac	switch	between	SPF	opera@on	and	ring	injec@on
(involves	on-the-fly	switching	of	guns,	linac	op@cs,	and	linac	extrac@on	dipoles)

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
• Top-up	running	since	Nov	(closed	shuhers)
– injector	&	linac	switch	between	SPF	opera@on	and	ring	injec@on
(involves	on-the-fly	switching	of	guns,	linac	op@cs,	and	linac	extrac@on	dipoles)

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
• Top-up	running	since	Nov	(closed	shuhers)
– injector	&	linac	switch	between	SPF	opera@on	and	ring	injec@on
(involves	on-the-fly	switching	of	guns,	linac	op@cs,	and	linac	extrac@on	dipoles)

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'

Storage	Ring	DCCT

Transfer	Line	CT

Top-up	shots	from	linac

Top-up	@	160	mA	over	night

Linac	modulator	K02	tripped

Th
un

de
rs
to
rm

Inj
ec?

on
	kic

ker
	lel

	on

Decaying	beam

Machine	studies
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
• Top-up	running	since	Nov	(closed	shuhers)
– injector	&	linac	switch	between	SPF	opera@on	and	ring	injec@on
(involves	on-the-fly	switching	of	guns,	linac	op@cs,	and	linac	extrac@on	dipoles)

– injector	&	linac	rou@nely	running	at	2	Hz	since	Nov
– injec@on	efficiency	improved	(ring	phase	acceptance!)

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
• Top-up	running	since	Nov	(closed	shuhers)
– injector	&	linac	switch	between	SPF	opera@on	and	ring	injec@on
(involves	on-the-fly	switching	of	guns,	linac	op@cs,	and	linac	extrac@on	dipoles)

– injector	&	linac	rou@nely	running	at	2	Hz	since	Nov
– injec@on	efficiency	improved	(ring	phase	acceptance!)

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'

Storage	Ring	DCCT

Transfer	Line	CT 283	pC	(incl.	38	pC	offset)	@	2	Hz	➔	16.7	mA/min

80	mA	in	5	min	➔	16	mA/min	➔	≈96%	injec?on	efficiency



Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

3	GeV	Storage	Ring	Commissioning	(cont.)

103

• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
• Top-up	running	since	Nov	(closed	shuhers)
– injector	&	linac	switch	between	SPF	opera@on	and	ring	injec@on
(involves	on-the-fly	switching	of	guns,	linac	op@cs,	and	linac	extrac@on	dipoles)

– injector	&	linac	rou@nely	running	at	2	Hz	since	Nov
– injec@on	efficiency	improved	(ring	phase	acceptance!)
– integrated	dose	increasing	➔	improving	ring	vacuum

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
• Top-up	running	since	Nov	(closed	shuhers)
– injector	&	linac	switch	between	SPF	opera@on	and	ring	injec@on
(involves	on-the-fly	switching	of	guns,	linac	op@cs,	and	linac	extrac@on	dipoles)

– injector	&	linac	rou@nely	running	at	2	Hz	since	Nov
– injec@on	efficiency	improved	(ring	phase	acceptance!)
– integrated	dose	increasing	➔	improving	ring	vacuum

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'

Xmas	SD

February	SD

≈	35	Ah/month

Courtesy	P.F.	Tavares

June	26,	2016

IVUs	&	striplines
installed

Courtesy	M.	Grabski
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• First	ahempts	at	measuring/adjus@ng	linear	chroma@city
• First	light	seen	on	diagnos@c	beamline	Nov	2
• Top-up	running	since	Nov	(closed	shuhers)
– injector	&	linac	switch	between	SPF	opera@on	and	ring	injec@on
(involves	on-the-fly	switching	of	guns,	linac	op@cs,	and	linac	extrac@on	dipoles)

– injector	&	linac	rou@nely	running	at	2	Hz	since	Nov
– injec@on	efficiency	improved	(ring	phase	acceptance!)
– integrated	dose	increasing	➔	improving	ring	vacuum
➡ improving	beam	life@me	(along	with	effect	of	bunch	lengthening	from	passive	harmonic	cavi@es)

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''

BC2'@'3'GeV'

Extrac1on'
1.5'GeV'

L2A$ L2B$ L3A$ L9B$ L19B$

L1B$L0$

Thermionic'
RF'gun'

Photocathode'
RF'gun'

Kicker'&'
septum'

Courtesy	M.	Grabski

Design	goal:	10	h	@	500	mA



• Orbit	drias	observed	during	top-up	opera@on
– 70	μm	/	20	μm	observed	over	8	hours
– unphysical	BPM	spikes	observed	➔	implica@ons	for	bad	orbit	trip	(MPS)
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Courtesy	P.F.	Tavares

≈7
0	
μm

	in
	H

Top-up	@	50	mA	over	night

8	hrs

≈2
0	
μm

	in
	V8	hrs

Storage	Ring	DCCT

BPMx BPM	y



Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

3	GeV	Storage	Ring	Commissioning	(cont.)

107

• Orbit	drias	observed	during	top-up	opera@on
– 70	μm	/	20	μm	observed	over	8	hours
– unphysical	BPM	spikes	observed	➔	implica@ons	for	bad	orbit	trip	(MPS)

• SOFB	now	rou@nely	running	at	≈0.5	Hz	(target:	10	Hz)
– sub-micron	stability	in	H,	but	larger	in	V	(NBPM	>	NVCM)
–weigh@ng	➔	in	ID	straights	s@ll	locked	down	to	200-400	nm
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• Orbit	drias	observed	during	top-up	opera@on
– 70	μm	/	20	μm	observed	over	8	hours
– unphysical	BPM	spikes	observed	➔	implica@ons	for	bad	orbit	trip	(MPS)

• SOFB	now	rou@nely	running	at	≈0.5	Hz	(target:	10	Hz)
– sub-micron	stability	in	H,	but	larger	in	V	(NBPM	>	NVCM)
–weigh@ng	➔	in	ID	straights	s@ll	locked	down	to	200-400	nm

BPMs	in	ID	straights

Courtesy	M.	Sjöström

4	hrs	with	SOFB

Decaying	beam
Top-up	injec?ons

Beam	loss

Injec?on

200	μm
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• Orbit	drias	observed	during	top-up	opera@on
– 70	μm	/	20	μm	observed	over	8	hours
– unphysical	BPM	spikes	observed	➔	implica@ons	for	bad	orbit	trip	(MPS)

• SOFB	now	rou@nely	running	at	≈0.5	Hz	(target:	10	Hz)
– sub-micron	stability	in	H,	but	larger	in	V	(NBPM	>	NVCM)
–weigh@ng	➔	in	ID	straights	s@ll	locked	down	to	200-400	nm

BPMs	in	ID	straights

Courtesy	M.	Sjöström

4	hrs	with	SOFB

Decaying	beam
Top-up	injec?ons

Beam	loss

Injec?on

200	μm

4	hrs	with	SOFB

±	1	μm

Courtesy	M.	Sjöström
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• Ahempted	first	scraper	measurements
–mean	pressure	seen	by	beam:	P[10-9	Torr]	=	0.0178	×	I[mA]	+	0.6088
– life@mes

Courtesy	J.	Sundberg

50	mA,	fs	=	900	Hz

At	50	mA	&	fs	=	900	Hz:
•	P	=	2.1e-9	mbar
•	δrf	=	4.2%
➔	τel	=	111	h
➔	τbs	=	68	h
➔	τts	=	18	h



At	50	mA	&	fs	=	900	Hz:
•	P	=	2.1e-9	mbar
•	δrf	=	4.2%
➔	τel	=	111	h
➔	τbs	=	68	h
➔	τts	=	18	h
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• Ahempted	first	scraper	measurements
–mean	pressure	seen	by	beam:	P[10-9	Torr]	=	0.0178	×	I[mA]	+	0.6088
– life@mes	&	ring	acceptance	(in	conjunc@on	with	local	beta	measurements)

Courtesy	J.	Sundberg

3.2	mm	acceptance	@	V	scraper

50	mA,	fs	=	900	Hz DA	(bare	lacce	&	commissioning	error	distribu?on)

Ay	=	2.17	mm	mrad	➔	ay	=	2.1	mm	@	ID	straight

MAX-lab	Int.Note	20121107

βy	=	4.7	m	@	V	scraper	➔	Ay	=	2.17	mm	mrad



At	50	mA	&	fs	=	900	Hz:
•	P	=	2.1e-9	mbar
•	δrf	=	4.2%
➔	τel	=	111	h
➔	τbs	=	68	h
➔	τts	=	18	h
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• Ahempted	first	scraper	measurements
–mean	pressure	seen	by	beam:	P[10-9	Torr]	=	0.0178	×	I[mA]	+	0.6088
– life@mes	&	ring	acceptance	(in	conjunc@on	with	local	beta	measurements)

Courtesy	J.	Sundberg

3.2	mm	acceptance	@	V	scraper

50	mA,	fs	=	900	Hz DA	(bare	lacce	&	commissioning	error	distribu?on)

Ay	=	2.17	mm	mrad	➔	ay	=	2.1	mm	@	ID	straight

MAX-lab	Int.Note	20121107

4.9	mm	@	H	scraper	➔	Ax	=	2.5	mm	mrad	➔	ax	=	4.8	mm	@	ID	straight

βy	=	4.7	m	@	V	scraper	➔	Ay	=	2.17	mm	mrad
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magne@c	gap,	2	m	length,	1.3	T	peak	field
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magne@c	gap,	2	m	length,	1.3	T	peak	field

– for	BioMAX	and	NanoMAX	beamlines

Courtesy	U.	Johansson Courtesy	U.	Johansson
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magne@c	gap,	2	m	length,	1.3	T	peak	field

– for	BioMAX	and	NanoMAX	beamlines	

• ID,	FE	&	BL	commissioning	started	Apr	2016
NanoMAX	commissioning	

22	April	–	front	end	dipole	light	 27	April	–	OH	screen	1	dipole	light	 11	May	–	OH	screen	1	undulator	light	

12	May	–	11	keV	photons	a=er	monochromator	 20	May	–	light	in	experimental	hutch	

Courtesy	U.	Johansson

29	April	–	first	undulator	light	in	the	front-end	and	op7cs	hutch	

BioMAX	X-ray	commissioning	

11	May	–	first	monochroma7c	light	 18	May	–	first	light	in	the	experiment	hutch	

Courtesy	T.	Ursby
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magne@c	gap,	2	m	length,	1.3	T	peak	field

– for	BioMAX	and	NanoMAX	beamlines	

• ID,	FE	&	BL	commissioning	started	Apr	2016	
•May	11:	10	mm	gaps	on	both	BLs	(FB	loop	for	ID	correctors	closed)
•May	11-19:	first	monochroma@c	beams	(on	detector	/	11	keV)
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magne@c	gap,	2	m	length,	1.3	T	peak	field

– for	BioMAX	and	NanoMAX	beamlines	

• ID,	FE	&	BL	commissioning	started	Apr	2016	
•May	11:	10	mm	gaps	on	both	BLs	(FB	loop	for	ID	correctors	closed)
•May	11-19:	first	monochroma@c	beams	(on	detector	/	11	keV)

Courtesy	T.	Ursby
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magne@c	gap,	2	m	length,	1.3	T	peak	field

– for	BioMAX	and	NanoMAX	beamlines	

• ID,	FE	&	BL	commissioning	started	Apr	2016	
•May	11:	10	mm	gaps	on	both	BLs	(FB	loop	for	ID	correctors	closed)
•May	11-19:	first	monochroma@c	beams	(on	detector	/	11	keV)
• June	8/9:	First	diffrac@on	paherns

Diffrac?on	at	slits	@	NanoMAX

First	diffrac?on	@	BioMAX

Focused	beam	on	sample	@	BioMAX
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magne@c	gap,	2	m	length,	1.3	T	peak	field

– for	BioMAX	and	NanoMAX	beamlines	

• ID,	FE	&	BL	commissioning	started	Apr	2016	
•May	11:	10	mm	gaps	on	both	BLs	(FB	loop	for	ID	correctors	closed)
•May	11-19:	first	monochroma@c	beams	(on	detector	/	11	keV)
• June	8/9:	First	diffrac@on	paherns
• June	20:	First	nano-focus	@	NanoMAX

Coarse	TEM	grid
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MAX	IV	Inaugura?on
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• Brightest	@me	of	the	year:	June	21,	2016	@	13:08:55	(local	noon)

scandinavianperspec?ves.com

While	the	rest	of	Sweden	
was	celebra?ng	Midsummer	
like	this...



• Brightest	@me	of	the	year:	June	21,	2016	@	13:08:55	(local	noon)
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...we	inaugurated	our	
new	facility.

A	very	proud	director	aler	having	closed	the	last	port	with	a	lidle	help	from	two	“friends”



• Brightest	@me	of	the	year:	June	21,	2016	@	13:08:55	(local	noon)
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...we	inaugurated	our	
new	facility.

A	very	proud	director	aler	having	closed	the	last	port	with	a	lidle	help	from	two	friendsCarl	XVI	Gustaf
His	Majesty	The	King

Stefan	Löfvén
Prime	Minister
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Transfer	Line	CT

Storage	Ring	DCCT

198	mA	present	stored	current	record

MPS	dumps	beam	@	≈200	mA

2016-07-09

195	mA	in	21	min	➔	9.3	mA/min	➔	80%	inj.	efficiency

170	pC	@	2	Hz	➔	11.6	mA/min



• Finally,	need	to	also	focus	on	stability	&	collec@ve	effects
– 3	passive	Landau	cavi@es	(Rs	≈	2.5	MΩ)	allow	for	tuning	to	flat-
poten@al	condi@ons	already	@	150	mA
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3	GeV	Storage	Ring	Commissioning	(cont.)

124

300	MHz	Landau	Cavity



• Finally,	need	to	also	focus	on	stability	&	collec@ve	effects
– 3	passive	Landau	cavi@es	(Rs	≈	2.5	MΩ)	allow	for	tuning	to	flat-
poten@al	condi@ons	already	@	150	mA
– Achieved	>2	Ah	under	stable	condi@ons	(top-up	running	&	BbB	FB	loop	closed)
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3	GeV	Storage	Ring	Commissioning	(cont.)
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×3

Iτ	≈	2.3	Ah

LC	detuning Iτ	≈	0.7	Ah

107	mA

Courtesy	P.F.	Tavares



• Finally,	need	to	also	focus	on	stability	&	collec@ve	effects
– 3	passive	Landau	cavi@es	(Rs	≈	2.5	MΩ)	allow	for	tuning	to	flat-
poten@al	condi@ons	already	@	150	mA
– Achieved	>2	Ah	under	stable	condi@ons	(top-up	running	&	BbB	FB	loop	closed)
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IPAC’16,	WEPO035,	p.2911

Stabilized	CB	mode	
@	120	mA	(–20	dB)

LCs	fully	detuned

LCs	tuned	in

5frf	−	frev	[MHz]



• Finally,	need	to	also	focus	on	stability	&	collec@ve	effects
– 3	passive	Landau	cavi@es	(Rs	≈	2.5	MΩ)	allow	for	tuning	to	flat-
poten@al	condi@ons	already	@	150	mA
– Achieved	>2	Ah	under	stable	condi@ons	(top-up	running	&	BbB	FB	loop	closed)
– Started	commissioning	of	Dimtel	BbB	FB	system
• extra	ring	BPM	used	as	sensor
• Pair	of	H	&	V	striplines	as	transverse	actuators
• Presently	also	using	H	striplines	in	common
mode	as	weak	longitudinal	actuator
(un@l	FB	cavity	ready)

BPM
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Stripline	pairs

Courtesy	D.	Olsson

625	MHz
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• Example:	observed	HOM-driven	longitudinal	mo@on	at	few	
mA	in	uniform	fill	➔	cavity	temp.	tuning,	LC	tuning,	BbB	FB

128

Slide	by	D.Olsson

HOM	#13	excited	
@	80	mA

Growth	rate	vs.	cavity	
temp.	for	HOM	#167	

Grow/damp	study	on	
HOM	#167
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• Example:	no	clear	evidence	of	RW	instability	but	ion-driven	
instabili@es	apparent	in	both	transverse	planes
– could	store	>120	mA
without	LCs	or	feedback
– predicted	RW	threshold
was	only	40	mA

129

Slide	by	M.Klein	&	G.	Skripka
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3	GeV	Storage	Ring	Commissioning	(cont.)

• Example:	no	clear	evidence	of	RW	instability	but	ion-driven	
instabili@es	apparent	in	both	transverse	planes	but	ion-
driven	instabili@es	apparent	in	both	transverse	planes
– could	store	>120	mA
without	LCs	or	feedback
– predicted	RW	threshold
was	only	40	mA

130

Slide	by	D.Olsson

Instability	observed	
@	diagnos?c	BL
(σ	polariza?on)

Many	high-index	
modes	excited	in	
both	planes
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3	GeV	Storage	Ring	Commissioning	(cont.)

• Example:	single-bunch	(SB)	collec@ve	effects	➔	TMCI	&	PWD
– either	SB	injec@on	or	clearing	with	BbB	FB
– adjusted	ξx,y	towards	zero

131

≈1%	purity



Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

3	GeV	Storage	Ring	Commissioning	(cont.)

• Example:	single-bunch	(SB)	collec@ve	effects	➔	TMCI	&	PWD
– either	SB	injec@on	or	clearing	with	BbB	FB
– adjusted	ξx,y	towards	zero
– no	sign	of	TMCI	up	to	8.5	mA	SB	current

(500	mA	even	fill	➔	2.85	mA/bunch)

132

≈1%	purity

Slide	by	G.	Skripka

–	νs

Design	Ib



• Example:	single-bunch	(SB)	collec@ve	effects	➔	TMCI	&	PWD
– either	SB	injec@on	or	clearing	with	BbB	FB
– adjusted	ξx,y	towards	zero
– no	sign	of	TMCI	up	to	8.5	mA	SB	current

(500	mA	even	fill	➔	2.85	mA/bunch)

– Bunch	length	measured	with	sampling
oscilloscope	@	diagnos@c	BL

≈1%	purity
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3	GeV	Storage	Ring	Commissioning	(cont.)
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Courtesy	J.	Breunlin

Courtesy	G.	Skripka

Model:	0.5	Ω

Bare	Machine

Courtesy	G.	Skripka

IVUs	installed

Model	σs	=	42	ps	@	zero	current

Reliable	measure	of	σδ	only	once	
we	get	2nd	diagnos?c	beamline
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Outlook

• Con@nue	commissioning	of	3	GeV	storage	ring
– op@cs	&	IDs
– 2nd	diagnos@c	beamline,	longitudinal	bunch	profile
– RF	condi@oning	main	cavi@es	and	LCs	(high	current)
– collec@ve	effects	&	BbB	feedback	commissioning
– integrate	fast	corrector	PSs	&	LB+	units	➔	commission	FOFB

• Just	started	commissioning	of	1.5	GeV	storage	ring
– first	IDs	to	be	installed	in	1.5	GeV	SR	during	early	2017

• “Friendly	users”	arrive	Nov	2016
• First	open	user	call	for	Mar	2017

134



Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

Upgrade	Ideas

• Improved	matching	to	IDs	(coupling,	op@cs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
sePng	εy	=	8	➔	2	pm	rad

135

PAC’13,	MOPHO05,	p.243
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Upgrade	Ideas	(cont.)

• Improved	matching	to	IDs	(coupling,	op@cs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
sePng	εy	=	8	➔	2	pm	rad
– Good	Touschek	life@me	maintained	by	exci@ng	ver@cal	dispersion	
bumps	in	all	arcs	(transparent	in	ID	straights)

136

PAC’13,	MOPHO05,	p.243

PRAB	19,	060701	(2016)

Photo	courtesy	A.	Nyberg
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Upgrade	Ideas	(cont.)

• Improved	matching	to	IDs	(coupling,	op@cs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
sePng	εy	=	8	➔	2	pm	rad
– Good	Touschek	life@me	maintained	by	exci@ng	ver@cal	dispersion	
bumps	in	all	arcs	(transparent	in	ID	straights)
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PAC’13,	MOPHO05,	p.243

Photo	courtesy	A.	Nyberg
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Upgrade	Ideas	(cont.)

• Improved	matching	to	IDs	(coupling,	op@cs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
sePng	εy	=	8	➔	2	pm	rad
– Good	Touschek	life@me	maintained	by	exci@ng	ver@cal	dispersion	
bumps	in	all	arcs	(transparent	in	ID	straights)

• Increase	focusing	in	arc	➔	εx	reduced	to	269	pm
rad	(-18%)	while	retaining
sa@sfactory	DA	&	life@me
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PAC’13,	MOPHO05,	p.243

IPAC’14,	TUPRI026,	p.1615
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Upgrade	Ideas	(cont.)

• Improved	matching	to	IDs	(coupling,	op@cs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
sePng	εy	=	8	➔	2	pm	rad
– Good	Touschek	life@me	maintained	by	exci@ng	ver@cal	dispersion	
bumps	in	all	arcs	(transparent	in	ID	straights)

• Increase	focusing	in	arc	➔	εx	reduced	to	269	pm
rad	(-18%)	while	retaining
sa@sfactory	DA	&	life@me
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PAC’13,	MOPHO05,	p.243

IPAC’14,	TUPRI026,	p.1615
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Upgrade	Ideas	(cont.)

• Improved	matching	to	IDs	(coupling,	op@cs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
sePng	εy	=	8	➔	2	pm	rad
– Good	Touschek	life@me	maintained	by	exci@ng	ver@cal	dispersion	
bumps	in	all	arcs	(transparent	in	ID	straights)

• Increase	focusing	in	arc	➔	εx	reduced	to	269	pm
rad	(-18%)	while	retaining
sa@sfactory	DA	&	life@me
• First	GLASS/MOGA	studies	assuming
PSs	can	be	exchanged	➔	221	pm	rad
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PAC’13,	MOPHO05,	p.243

IPAC’14,	TUPRI026,	p.1615
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Upgrade	Ideas	(cont.)

• Improved	matching	to	IDs	(coupling,	op@cs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
sePng	εy	=	8	➔	2	pm	rad
– Good	Touschek	life@me	maintained	by	exci@ng	ver@cal	dispersion	
bumps	in	all	arcs	(transparent	in	ID	straights)

• Increase	focusing	in	arc	➔	εx	reduced	to	269	pm
rad	(-18%)	while	retaining
sa@sfactory	DA	&	life@me
• First	GLASS/MOGA	studies	assuming
PSs	can	be	exchanged	➔	221	pm	rad
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PAC’13,	MOPHO05,	p.243

IPAC’14,	TUPRI026,	p.1615
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Upgrade	Ideas	(cont.)

• Improved	matching	to	IDs	(coupling,	op@cs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
sePng	εy	=	8	➔	2	pm	rad
– Good	Touschek	life@me	maintained	by	exci@ng	ver@cal	dispersion	
bumps	in	all	arcs	(transparent	in	ID	straights)

• Increase	focusing	in	arc	➔	εx	reduced	to	269	pm
rad	(-18%)	while	retaining
sa@sfactory	DA	&	life@me
• First	GLASS/MOGA	studies	assuming
PSs	can	be	exchanged	➔	221	pm	rad
• Assuming	on-axis	inj.	➔	≈170	pm	rad
or	≈150	pm	rad	(w/	IDs	and	IBS	@	500	mA)
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PAC’13,	MOPHO05,	p.243

IPAC’14,	TUPRI026,	p.1615

100 101
1020

1021

1022

Photon Energy (keV)

Br
illi

an
ce

 (p
ho

to
ns

/s
/m

ra
d2 /m

m
2 /0

.1
%

BW
)

 

 

Nominal
GLASS1/Ajusted1
Angstrom

pmuL,	3.8	m,	18.5	mm

Brightness	×3	at	1	Å

PRAB	19,	060701	(2016)

⌧ts /
p
"y /

p




Simon	C.	Leemann
ALS/LBNL,	September	29,	2016 /143

Thanks	for	your	aden?on!

Photo	courtesy	L.	Jansson,	August	24,	2015	

143


