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• IntroducGon
–MAX	IV	Facility	Overview
– 3	GeV	Storage	Ring	LaRce	&	Technology

• Commissioning	of	the	MAX	IV	3	GeV	Storage	Ring
– Commissioning	Timeline
– Beam	Commissioning	of	the	Bare	Machine
– First	InserGon	Devices
– Facility	InauguraGon

• Outlook

CollecGve	Effects	➔	Galina’s	talk	on	Thu
Subsystems	Report	➔	Magnus’	talk	on	Fri
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MAX	IV	Facility	Overview
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• In	the	early	2000s,	MAX-lab	wants	to	build	new	x-ray	source
• Quickly	realize	a	single	new	accelerator	cannot	cover	the	
enGre	required	spectral	and	temporal	range
• A_er	a	facility-wide	opGmizaGon,	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)
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MAX	IV	Facility	Overview	(cont.)
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• In	the	early	2000s,	MAX-lab	wants	to	build	new	x-ray	source
• Quickly	realize	a	single	new	accelerator	cannot	cover	the	
enGre	required	spectral	and	temporal	range
• A_er	a	facility-wide	opGmizaGon,	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
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MAX	IV	Facility	Overview	(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	
operaGon	&	ultralow	emi1ance
• Ultralow	emi1ance	achieved	through	MBA	laRce	(εx	~	1/Nb3)

TME:	brute-force	approach	I5/I2	➔	0	easily	leads	to	overstrained	opGcs,	chromaGcity	wall
MBA:	many	weak	dipoles,	distributed	chromaGcity	correcGon	➔	allows	relaxing	opGcs
Gradient	dipoles:	reduce	emi1ance,	allow	for	more	compact	opGcs	➔	improves	MBA
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MAX	IV	3	GeV	Storage	Ring
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• The	mulLbend	achromat	proposed	already	in	the	1990s...

• ...	became	a	reality	@	MAX	IV	due	to	several	technological	
breakthroughs
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MAX	IV	3	GeV	Storage	Ring	(cont.)
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SPIE	Vol.	2013,	1993 EPAC’94,	p.627 PAC’95,	TPG08,	p.177 PAC’95,	FAB14,	p.2823



• The	mulLbend	achromat	proposed	already	in	the	1990s...

• ...	became	a	reality	@	MAX	IV	due	to	several	technological	
breakthroughs
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integraGon	(common	magnet	block	=	“girder”),	use	of	combined-
funcGon	magnets
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MAX	IV	3	GeV	Storage	Ring	(cont.)

8

SPIE	Vol.	2013,	1993 EPAC’94,	p.627 PAC’95,	TPG08,	p.177 PAC’95,	FAB14,	p.2823

Photo	courtesy	M.	Johansson

25	mm

Photo	courtesy	A.	Nyberg Photo	courtesy	M.	Johansson

JSR	21,	884-903	(2014)



• The	mulLbend	achromat	proposed	already	in	the	1990s...

• ...	became	a	reality	@	MAX	IV	due	to	several	technological	
breakthroughs
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integraGon	(common	magnet	block	=	“girder”),	use	of	combined-
funcGon	magnets
– NEG-coated	vacuum	chambers	➔	narrow	magnet	gaps	&	Gght	
magnet	spacing
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MAX	IV	3	GeV	Storage	Ring	(cont.)
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• The	mulLbend	achromat	proposed	already	in	the	1990s...

• ...	became	a	reality	@	MAX	IV	due	to	several	technological	
breakthroughs
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integraGon	(common	magnet	block	=	“girder”),	use	of	combined-
funcGon	magnets
– NEG-coated	vacuum	chambers	➔	narrow	magnet	gaps	&	Gght	
magnet	spacing
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MAX	IV	3	GeV	Storage	Ring	(cont.)

10

SPIE	Vol.	2013,	1993 EPAC’94,	p.627 PAC’95,	TPG08,	p.177 PAC’95,	FAB14,	p.2823

Photo	courtesy	E.	Al-dmour

BPM	&	bellows
OFS	Cu

ø	22/24	mm

Cooling
channel

Cooling
channel

JSR	21,	878-883	(2014)



• The	mulLbend	achromat	proposed	already	in	the	1990s...

• ...	became	a	reality	@	MAX	IV	due	to	several	technological	
breakthroughs
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integraGon	(common	magnet	block	=	“girder”),	use	of	combined-
funcGon	magnets
– NEG-coated	vacuum	chambers	➔	narrow	magnet	gaps	&	Gght	
magnet	spacing
– 100	MHz	RF	system	with	harmonic	caviGes	➔	ensure	stability,	
good	Touschek	lifeGme	&	miGgate	emi1ance	blowup	from	IBS
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MAX	IV	3	GeV	Storage	Ring	(cont.)
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• The	mulLbend	achromat	proposed	already	in	the	1990s...

• ...	became	a	reality	@	MAX	IV	due	to	several	technological	
breakthroughs
– compact	magnets	(narrow	gaps	➔	short	but	strong),	magnet	
integraGon	(common	magnet	block	=	“girder”),	use	of	combined-
funcGon	magnets
– NEG-coated	vacuum	chambers	➔	narrow	magnet	gaps	&	Gght	
magnet	spacing
– 100	MHz	RF	system	with	harmonic	caviGes	➔	ensure	stability,	
good	Touschek	lifeGme	&	miGgate	emi1ance	blowup	from	IBS
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MAX	IV	3	GeV	Storage	Ring	(cont.)
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SPIE	Vol.	2013,	1993 EPAC’94,	p.627 PAC’95,	TPG08,	p.177 PAC’95,	FAB14,	p.2823

100	MHz 300	MHz

IPAC’11,	MOPC051,	p.193
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MAX	IV	3	GeV	Storage	Ring	LaXce
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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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MAX	IV	3	GeV	Storage	Ring	LaXce	(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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MAX	IV	3	GeV	Storage	Ring	LaXce	(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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MAX	IV	3	GeV	Storage	Ring	LaXce	(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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MAX	IV	3	GeV	Storage	Ring	LaXce	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats
• 19	user	straights	(4.6	m),	1	long	straight	for	injecGon
• 40	short	straights	(1.3	m)	for	RF	&	diagnosGcs

15
x [m]

y [m]

5 10 20 25

2.0

PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)
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MAX	IV	3	GeV	Storage	Ring	LaXce	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats
• 19	user	straights	(4.6	m),	1	long	straight	for	injecGon
• 40	short	straights	(1.3	m)	for	RF	&	diagnosGcs
• 7-bend	achromat:	5	unit	cells	(3°)	&	2	matching	cells	(1.5°	LGB)

15
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5 10 20 25

2.0 MC UC MCUC UC UCUC

PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)
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MAX	IV	3	GeV	Storage	Ring	LaXce	(cont.)
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• 528	m	circumference,	500	mA	with	top-up,	20	achromats
• 19	user	straights	(4.6	m),	1	long	straight	for	injecGon
• 40	short	straights	(1.3	m)	for	RF	&	diagnosGcs
• 7-bend	achromat:	5	unit	cells	(3°)	&	2	matching	cells	(1.5°	LGB)
• 328	pm	rad	bare	laRce	emi1ance	(εy	adjusted	to	2-8	pm	rad)

15
x [m]

y [m]

5 10 20 25

2.0

PRST-AB	12,	120701	(2009)

IPAC’11,	THPC059,	p.3029

JSR	21,	862-877	(2014)
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Linear	&	Nonlinear	OpLcs
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• Gradient	dipoles	perform	
verGcal	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

PRST-AB	12,	120701	(2009)
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• ChromaLc	sextupoles	correct	linear	chromaGcity	(ξx,y	≈	-50	➔	
+1)	&	tailor	its	higher	orders	➔	addiGonal	sextupoles	used	to	
minimize	first-order	RDTs	(low	since	phase	advance	≈	2π×2,	2π×3/4)
• Strong	sextupoles	drive	large	ADTS	➔	achromaLc	octupoles	
allow	tailoring	ADTS	to	first	order	➔	minimize	tune	footprint
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Linear	&	Nonlinear	OpLcs	(cont.)
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PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)
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• Nonlinear	tuning	results	in	small	amplitude-dependent	and	
chromaGc	tune	shi_s	(tracking	performed	with	Tracy-3)

• Overall	tune	footprint	becomes	very	compact	both	on	and	
off	momentum	➔	large	on/off-momentum	DA
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Expected	Performance	(cont.)
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PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)
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• Nonlinear	tuning	results	in	small	amplitude-dependent	and	
chromaGc	tune	shi_s	(tracking	performed	with	Tracy-3)

• Overall	tune	footprint	becomes	very	compact	both	on	and	
off	momentum	➔	large	on/off-momentum	DA
• Large	laRce	MA	in	conjuncGon	with	appropriately	
dimensioned	RF	system	➔	large	overall	MA
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Expected	Performance	(cont.)
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PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)

PRST-AB	17,	050705	(2014)

MAX	IV	3	GeV	SR
Ucav	=	1.8	MV	(max)
Target:	δacc	>	4.5%

LaRce	MA
always	>5%

PAC’11,	TUP235,	p.1262

IPAC’15,	TUPJE038
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• Nonlinear	tuning	results	in	small	amplitude-dependent	and	
chromaGc	tune	shi_s	(tracking	performed	with	Tracy-3)

• Overall	tune	footprint	becomes	very	compact	both	on	and	
off	momentum	➔	large	on/off-momentum	DA
• Large	laRce	MA	in	conjuncGon	with	appropriately	
dimensioned	RF	system	➔	large	overall	MA
• Large	overall	MA	is	required	for
good	Touschek	lifeGme	despite
ultralow	emi1ance
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Expected	Performance	(cont.)
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PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)

PRST-AB	17,	050705	(2014)

PAC’11,	TUP235,	p.1262

IPAC’15,	TUPJE038



• Nonlinear	tuning	results	in	small	amplitude-dependent	and	
chromaGc	tune	shi_s	(tracking	performed	with	Tracy-3)

• Overall	tune	footprint	becomes	very	compact	both	on	and	
off	momentum	➔	large	on/off-momentum	DA
• Large	laRce	MA	in	conjuncGon	with	appropriately	
dimensioned	RF	system	➔	large	overall	MA
• Large	overall	MA	is	required	for
good	Touschek	lifeGme	despite
ultralow	emi1ance
• Landau	caviGes	stretch	bunches
×5	➔	extend	Touschek	lifeGme	&
reduce	emi1ance	blowup	by	IBS
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Expected	Performance	(cont.)
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PRST-AB	12,	120701	(2009)

PRST-AB	14,	030701	(2011)

PRST-AB	17,	050705	(2014)

PAC’11,	TUP235,	p.1262

IPAC’15,	TUPJE038

 0

 50

 100

 150

 200

 0  500  1000  1500  2000  2500

ε
x 

g
ro

w
th

 f
ro

m
 I
B

S
 [
%

]

Lattice εx [pm rad]
ε0

LCs included
No LCs

IBS	emi_ance	blowup	13%	
instead	of	45%	at	natural	σs

MAX	IV	3	GeV	SR	
(bare	laXce)

I	=	500	mA
δacc	=	4.5%
σδ	≈	const

εy	=	8	pm	rad



/78
Simon	C.	Leemann
6th	Low	Emi1ance	Rings	Workshop,	SOLEIL,	October	26–28,	2016

Commissioning	Timeline
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3	GeV	Storage	Ring	Commissioning
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• At	LER	2015	in	Grenoble	had	just	reported	first	turns...

Libera	Brilliance+	SP	Data	3	GeV	SR

x

y

20	Achromats

First	full	turn
•	without	exciGng	a	single	corrector
•	all	magnets	at	nominal	opGcs	for	3.0	GeV
(excitaGons	according	to	magneGc	measurement	data)
•	using	a	single	dipole	kicker	for	injecGon

Dipole	kicker	(BINP)
NIM-A	693,	117,	2012
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3	GeV	Storage	Ring	Commissioning	(cont.)
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• At	LER	2015	in	Grenoble	had	just	reported	first	turns...
• First	stored	beam	on	Sep	15	➔	≈0.1	mA	(≈170	pC	from	linac)

Kicker	pulse	@	injecLon

Injected	beam

Stored	beam	from	previous
injecLon	shot	(0.5	Hz)

RevoluLon	period



• At	LER	2015	in	Grenoble	had	just	reported	first	turns...
• First	stored	beam	on	Sep	15	➔	≈0.1	mA	(≈170	pC	from	linac)

• First	stacking	observed	Oct	8	(@	reduced	dipole	kicker	strength)
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3	GeV	Storage	Ring	Commissioning	(cont.)

29

4.3	mA	accumulated

Storage	Ring	DCCT

0.1	mA
(≈1	linac	shot)

NIM-A	693,	117,	2012
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• At	LER	2015	in	Grenoble	had	just	reported	first	turns...
• First	stored	beam	on	Sep	15	➔	≈0.1	mA	(≈170	pC	from	linac)

• First	stacking	observed	Oct	8	(@	reduced	dipole	kicker	strength)

• Phasing	2	ring	caviGes	➔	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

NIM-A	693,	117,	2012



• At	LER	2015	in	Grenoble	had	just	reported	first	turns...
• First	stored	beam	on	Sep	15	➔	≈0.1	mA	(≈170	pC	from	linac)

• First	stacking	observed	Oct	8	(@	reduced	dipole	kicker	strength)

• Phasing	2	ring	caviGes	➔	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

NIM-A	693,	117,	2012

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%	injecLon	efficiency



• First	linear	opGcs	studies	&	correcGons
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Courtesy	M.	Sjöström

0.1	mrad	verLcal	kick

0.1	mrad	horizontal	kick

VerLcal	integer	tune	confirmed	16

Horizontal	integer	tune	confirmed	42



• First	linear	opGcs	studies	&	correcGons
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Early	LOCO	data,	before	correcLon

Aqer	LOCO	correcLons	(quad	PSs	only)



• First	linear	opGcs	studies	&	correcGons
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Early	LOCO	data,	before	correcLon

Aqer	LOCO	correcLons	(quad	PSs	only)

25%	➔	14%	max	ηx	beaLng

±20	➔	±12	mm	max	ηy

Dispersion	improved	aqer	first	LOCO	a_empts	&	fixing	sextupole	misalignment



• First	linear	opGcs	studies	&	correcGons
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Early	LOCO	data,	before	correcLon

Aqer	LOCO	correcLons	(quad	PSs	only)

25%	➔	14%	max	ηx	beaLng

±20	➔	±12	mm	max	ηy

Dispersion	improved	aqer	first	LOCO	a_empts	&	fixing	sextupole	misalignmentAqer	further	LOCO	iteraLons	(quad	PSs	only)

<5%	max	ηx	beaLng

±9	mm	max	ηyNo	skew	correcLon	yet



• First	linear	opGcs	studies	&	correcGons
• BPM	offsets	relaGve	to	adjacent	sextupole/octupole
via	auxiliary	coil	powered	as	upright	quadrupole
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Photo	courtesy	A.	Nyberg

H:	111	μm	rms

V:	107	μm	rms



• First	linear	opGcs	studies	&	correcGons
• BPM	offsets	relaGve	to	adjacent	sextupole/octupole
via	auxiliary	coil	powered	as	upright	quadrupole

– downloaded	to	our	200	Libera	Brilliance+	units
– above	3	mA	orbit	must	be	within	±1	mm	in	both	planes
– if	5	BPMs	show	bad	orbit	(or	any	BPM	in	an	ID	straight)	MPS	dumps	beam
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• First	linear	opGcs	studies	&	correcGons
• BPM	offsets	relaGve	to	adjacent	sextupole/octupole
via	auxiliary	coil	powered	as	upright	quadrupole

– downloaded	to	our	200	Libera	Brilliance+	units
– above	3	mA	orbit	must	be	within	±1	mm	in	both	planes
– if	5	BPMs	show	bad	orbit	(or	any	BPM	in	an	ID	straight)	MPS	dumps	beam

• Orbit	correcGon	to	<1	μm	rms	in	H;	larger	in	V	(since	NBPM	>	NVCM)

➔	apply	weighGng	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	a1empts	at	measuring/adjusGng	linear	chromaGcity
– a_er	adjusGng	towards	design	tunes	(0.20/0.28)
– using	only	2	chromaGc	sextupole	families
– limited	Δp/p	range	➔	ξ(2)?

ξx	=	+1.0

ξy	=	+3.7
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
– a_er	adjusGng	towards	design	tunes	(0.20/0.28)
– using	only	2	chromaGc	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	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2

Photo	courtesy	Å.	Andersson

IPAC’16,	WEPOW034
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2

Photo	courtesy	Å.	Andersson

IPAC’16,	WEPOW034

Courtesy	J.	Breunlin

1.5°	MC	dipole	➔	very	weak	ηx



• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	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	simulaLon Measurement

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

IPAC’16,	WEPOW034



• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	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	simulaLon 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	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	dipoles
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Extrac1on'
1.5'GeV'
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	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'
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Photocathode'
RF'gun'

Kicker'&'
septum'
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	dipoles

Kicker'&'
septum'

Extrac1on'
3'GeV'

BC1'@'260'MeV'

SPF''
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Photocathode'
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Storage	Ring	DCCT

Transfer	Line	CT

Top-up	shots	from	linac

Top-up	@	160	mA	over	night

Linac	modulator	K02	tripped
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	dipoles

– injector	&	linac	rouGnely	running	at	2	Hz	since	Nov
– injecGon	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'
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septum'
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	dipoles

– injector	&	linac	rouGnely	running	at	2	Hz	since	Nov
– injecGon	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%	injecLon	efficiency
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	dipoles

– injector	&	linac	rouGnely	running	at	2	Hz	since	Nov
– injecGon	efficiency	improved	(ring	phase	acceptance!)
– integrated	dose	increasing	➔	improving	ring	vacuum
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	dipoles

– injector	&	linac	rouGnely	running	at	2	Hz	since	Nov
– injecGon	efficiency	improved	(ring	phase	acceptance!)
– integrated	dose	increasing	➔	improving	ring	vacuum

Kicker'&'
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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	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	dipoles

– injector	&	linac	rouGnely	running	at	2	Hz	since	Nov
– injecGon	efficiency	improved	(ring	phase	acceptance!)
– integrated	dose	increasing	➔	improving	ring	vacuum
➡ improving	beam	lifeGme	(along	with	effect	of	bunch	lengthening	from	passive	harmonic	caviGes)

Courtesy	M.	Grabski

Design	goal:	10	h	@	500	mA
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• First	a1empts	at	measuring/adjusGng	linear	chromaGcity
• First	light	seen	on	diagnosGc	beamline	Nov	2
– installing	2nd	diagnosGc	BL	in	2017	(on	3°	dipole)	➔	σδ

• Top-up	running	since	Nov	(closed	shu1ers)
– injector	&	linac	switch	between	SPF	operaGon	and	ring	injecGon
• on-the-fly	switching	of	guns,	linac	opGcs,	and	linac	extracGon	dipoles

– injector	&	linac	rouGnely	running	at	2	Hz	since	Nov
– injecGon	efficiency	improved	(ring	phase	acceptance!)
– integrated	dose	increasing	➔	improving	ring	vacuum
➡ improving	beam	lifeGme	(along	with	effect	of	bunch	lengthening	from	passive	harmonic	caviGes)

Courtesy	M.	Grabski

Design	goal:	10	h	@	500	mA

Storage	Ring	DCCT

LifeLme
(from	DCCT)

Top-up	@	160	mA	over	30	hours

14	h	lifeLme	➔	2.2	Ah	integrated	lifeLme



• Orbit	dri_s	observed	during	top-up	operaGon
– 70	μm	/	20	μm	observed	over	8	hours
– unphysical	BPM	spikes	observed	➔	implicaGons	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

BPM	x BPM	y



/78
Simon	C.	Leemann
6th	Low	Emi1ance	Rings	Workshop,	SOLEIL,	October	26–28,	2016

3	GeV	Storage	Ring	Commissioning	(cont.)

56

• Orbit	dri_s	observed	during	top-up	operaGon
– 70	μm	/	20	μm	observed	over	8	hours
– unphysical	BPM	spikes	observed	➔	implicaGons	for	bad	orbit	trip	(MPS)

• SOFB	now	rouGnely	running	at	≈0.5	Hz	(target:	10	Hz)
– sub-micron	stability	in	H,	but	larger	in	V	(NBPM	>	NVCM)
–weighGng	➔	in	ID	straights	sGll	locked	down	to	200-400	nm
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• Orbit	dri_s	observed	during	top-up	operaGon
– 70	μm	/	20	μm	observed	over	8	hours
– unphysical	BPM	spikes	observed	➔	implicaGons	for	bad	orbit	trip	(MPS)

• SOFB	now	rouGnely	running	at	≈0.5	Hz	(target:	10	Hz)
– sub-micron	stability	in	H,	but	larger	in	V	(NBPM	>	NVCM)
–weighGng	➔	in	ID	straights	sGll	locked	down	to	200-400	nm
– frequency	correcGon	not	yet	incl.	in	SOFB	loop	(currently	adjusted	by	operator)

– during	ID/FE/BL	shi_s	use	SOFB	to	create	variable	local	bumps

BPMs	in	ID	straights

Courtesy	M.	Sjöström

4	hrs	with	SOFB

Decaying	beam
Top-up	injecLons

Beam	loss

InjecLon

200	μm
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• Orbit	dri_s	observed	during	top-up	operaGon
– 70	μm	/	20	μm	observed	over	8	hours
– unphysical	BPM	spikes	observed	➔	implicaGons	for	bad	orbit	trip	(MPS)

• SOFB	now	rouGnely	running	at	≈0.5	Hz	(target:	10	Hz)
– sub-micron	stability	in	H,	but	larger	in	V	(NBPM	>	NVCM)
–weighGng	➔	in	ID	straights	sGll	locked	down	to	200-400	nm
– frequency	correcGon	not	yet	incl.	in	SOFB	loop	(currently	adjusted	by	operator)

– during	ID/FE/BL	shi_s	use	SOFB	to	create	variable	local	bumps

BPMs	in	ID	straights

Courtesy	M.	Sjöström

4	hrs	with	SOFB

Decaying	beam
Top-up	injecLons

Beam	loss

InjecLon

200	μm

4	hrs	with	SOFB

±	1	μm

Courtesy	M.	Sjöström
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• A1empted	first	scraper	measurements
–mean	pressure	seen	by	beam:	P[10-9	Torr]	=	0.0178	×	I[mA]	+	0.6088
– lifeGmes

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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• A1empted	first	scraper	measurements
–mean	pressure	seen	by	beam:	P[10-9	Torr]	=	0.0178	×	I[mA]	+	0.6088
– lifeGmes	&	ring	acceptance	(in	conjuncGon	with	local	beta	measurements)

Courtesy	J.	Sundberg

3.2	mm	acceptance	@	V	scraper

50	mA,	fs	=	900	Hz DA	(bare	laXce	&	commissioning	error	distribuLon)

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

 0

 1

 2

 3

 4

 5

 6

 7

-15 -10 -5  0  5  10  15

y 
[m

m
]

x [mm]

Ideal machine, δ=0.0%
Machine with errors, δ=0.0%

Vacuum Chamber
Physical Aperture

Required Aperture

/78
Simon	C.	Leemann
6th	Low	Emi1ance	Rings	Workshop,	SOLEIL,	October	26–28,	2016

3	GeV	Storage	Ring	Commissioning	(cont.)

61

• A1empted	first	scraper	measurements
–mean	pressure	seen	by	beam:	P[10-9	Torr]	=	0.0178	×	I[mA]	+	0.6088
– lifeGmes	&	ring	acceptance	(in	conjuncGon	with	local	beta	measurements)

Courtesy	J.	Sundberg

3.2	mm	acceptance	@	V	scraper

50	mA,	fs	=	900	Hz DA	(bare	laXce	&	commissioning	error	distribuLon)

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	magneGc	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	magneGc	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	magneGc	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	magneGc	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	monochromaGc	beams	(on	detector	/	11	keV)
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magneGc	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	monochromaGc	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	magneGc	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	monochromaGc	beams	(on	detector	/	11	keV)
• June	8/9:	First	diffracGon	pa1erns

DiffracLon	at	slits	@	NanoMAX

First	diffracLon	@	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	magneGc	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	monochromaGc	beams	(on	detector	/	11	keV)
• June	8/9:	First	diffracGon	pa1erns
• June	20:	First	nano-focus	@	NanoMAX

Coarse	TEM	grid
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• First	two	IVUs	installed	during	Feb	2016	shutdown
– Hitachi,	18	mm	period,	4.2	mm	magneGc	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	monochromaGc	beams	(on	detector	/	11	keV)
• June	8/9:	First	diffracGon	pa1erns
• June	20:	First	nano-focus	@	NanoMAX
➔	just	in	Gme	for	inauguraGon	on	June	21

• June	30:	closed	to	4.5	mm	gap
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• Brightest	Gme	of	the	year:	June	21,	2016	@	13:08:55	(local	noon)

scandinavianperspecLves.com

While	the	rest	of	Sweden	
was	celebraLng	Midsummer	
like	this...



• Brightest	Gme	of	the	year:	June	21,	2016	@	13:08:55	(local	noon)

• A_er	inauguraGon,	3	weeks	le_	unGl	summer	shutdown
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...we	inaugurated	our	
new	facility.

Carl	XVI	Gustaf
His	Majesty	The	King

Stefan	Löfvén
Prime	Minister

Our	very	proud	director



• A_er	inauguraGon,	3	weeks	remained	unGl	shutdown
• ConGnued	to	increase	current,	but	so	far	limited	by
– cooling	water	issues	(Cu	residue	appears	to	be	clogging	flow	meters)	➔	control	pH	levels
– hot	spots	&	chamber	misalignments
(mainly	downstream	of	crotch	chambers)	➔	use
orbit	bumps	to	diagnose,	then	realign
– RF	condiGoning	(5	of	6	caviGes	opera-
Gonal,	≈40	of	60	kW	power	reached	in
5	caviGes;	planned	for	operaGon	with
IDs:	β	=	2➔4,	add	60	kW	per	RF	staGon)
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100	MHz	Main	Cavity

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	&	collecGve	effects
– 3	passive	Landau	caviGes	(Rs	≈	2.5	MΩ)	allow	for	tuning	to	flat-
potenGal	condiGons	already	@	150	mA
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300	MHz	Landau	Cavity



• Finally,	need	to	also	focus	on	stability	&	collecGve	effects
– 3	passive	Landau	caviGes	(Rs	≈	2.5	MΩ)	allow	for	tuning	to	flat-
potenGal	condiGons	already	@	150	mA
– Achieved	>2	Ah	under	stable	condiGons	(top-up	running	&	BbB	FB	loop	closed)
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×3

Iτ	≈	2.3	Ah

LC	detuning Iτ	≈	0.7	Ah

107	mA

Courtesy	P.F.	Tavares



• During	recent	summer	shutdown	installed	three	new	IDs
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EPU48	➔	VERITAS	(RIXS)
EPU53	➔	HIPPIE	(AP-XPS,	AP-XAS)
3.9	m	magneGc	length,	69/77	periods,
11	mm	min.	magneGc	gap,	≈1.1	T	peak	field
Manufactured	at	MAX	IV

In-vac	Wiggler	➔	BALDER	(XAS,	XES)
2.0	m	magneGc	length,	50	mm	period,
4.2	mm	min.	magneGc	gap,	≈2.4	T	peak	field
Manufactured	by	SOLEIL
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Outlook

• ConGnue	commissioning	of	3	GeV	storage	ring
– opGcs	&	IDs
– diagnosGc	beamline,	longitudinal	bunch	profile
– RF	condiGoning	main	caviGes	and	LCs	(high	current)
– collecGve	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
• What	remains	to	be	installed	during	2017
– 2nd	diagnosGc	BL	on	3	GeV	SR
– 2	addiGonal	linac	staGons	(2	staGons	with	4	structures	each	➔	4	staGons	with	2	structures	each)
– 3	IDs	in	3	GeV	SR	(2	IVUs,	1	EPU)	&	3	IDs	in	1.5	GeV	SR	(2	new	EPUs,	1	EPU	from	MAX	II)

76



Photo	courtesy	L.	Jansson,	August	24,	2015	
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Thanks	for	your	a_enLon!

Photo	courtesy	L.	Jansson,	August	24,	2015	
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Backup:	The	MBA	–	A	Virtuous	Circle
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Photos	courtesy	M.	Johansson

Many Short Cells
for a given circumference

Small Bend Angle

Low EmittanceLimited Aperture Required
for decent MA and Touschek lifetime

Small Magnet Gaps

Strong Gradients

Short Magnets

Low Dispersion

Low Power/Cost

The$Mul(bend$Achromat$Cycle
(courtesy*A.*Streun,*PSI)



• Gradient	dipoles	equipped	with	pole-face	strips	➔	adjust	
verGcal	focusing	within	±4%	(requires	dipole	feedback)
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Backup:	OpLcs	Tuning	&	CorrecLons
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Photo	courtesy	A.	Nyberg
Photo	courtesy	M.	Johansson
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• Gradient	dipoles	equipped	with	pole-face	strips	➔	adjust	
verGcal	focusing	within	±4%	(requires	dipole	feedback)
• Quadrupole	doublets	in	long	straights	➔	match	opGcs	to	IDs	
and	restore	tunes	(ideally	makes	IDs	transparent	to	arc	opGcs)
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Backup:	OpLcs	Tuning	&	CorrecLons	(cont.)
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• All	sextupoles	and	octupoles	carry	auxiliary	winding
• Can	be	powered	as:	(remotely	switchable)

•auxiliary	sextupole	➔	nonlinear	correcGons
•skew	quadrupole	➔	coupling	&	dispersion	control
•upright	quad	➔	calibrate	BPMs	to	adjacent	sext/oct
•dipole	correctors,	in	addiGon	to...
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Backup:	OpLcs	Tuning	&	CorrecLons	(cont.)
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• All	sextupoles	and	octupoles	carry	auxiliary	winding
• Can	be	powered	as:	(remotely	switchable)

•auxiliary	sextupole	➔	nonlinear	correcGons
•skew	quadrupole	➔	coupling	&	dispersion	control
•upright	quad	➔	calibrate	BPMs	to	adjacent	sext/oct
•dipole	correctors,	in	addiGon	to...

•Dedicated	dipole	correctors	➔	SOFB	&	FOFB
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Backup:	OpLcs	Tuning	&	CorrecLons	(cont.)
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10	kHz,	installed	on	short	SS	chamber	secGons

10	Hz,	installed	on	Cu	chamber



• These	modern	rings	are	really	a	different	beast
–MBA	laRces	employ	very	weak	dipoles	
– installed	DWs	and/or	IDs	can	have	huge	impact	on	rad.	power
– emi1ance	&	energy	spread	determined	by	IDs	&	gap	seRngs
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Backup:	MBA	Rings	–	a	Different	Beast
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Backup:	First	Upgrade	Ideas

• Improved	matching	to	IDs	(coupling,	opGcs	in	straights)
– Transverse	coherence	and	brightness	at	1	Å	almost	doubled	by	
seRng	εy	=	8	➔	2	pm	rad
– Good	Touschek	lifeGme	maintained	by	exciGng	verGcal	dispersion	
bumps	in	all	arcs	(transparent	in	ID	straights)

• Increase	focusing	in	arc	➔	εx	reduced	to	269	pm
rad	(-18%)	while	retaining
saGsfactory	DA	&	lifeGme
• 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
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