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- Operation	Summary

- Major	Changes	After	the	Last	(2019c)	Run

- Luminosity	Tuning
- Introduce	Crab	Waist(CW)	scheme	to	both	rings.
- Horizontal	angle	orbit	at	IP	and	SR	to	PXD
- Adjustment	of	the	anti-solenoid	field	(ESL/ESR)	of	QCS.
- Rotatable	sextupole to	control	chromatic	betatron coupling	(XY-coupling).

- Other	Topics
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- We	have	broken	the	KEKB’s	record! (2.108	x	1034	cm-2s-1)

- Peak	luminosity	=	2.23×1034	cm-2s-1 at	679(LER),	639(HER)	mA,	June	15th

Vacuum	Scrubbing LER	Crab	Waist	ON HER	Crab	Waist	ON Reduce	#	of	Bunches

Cabling	Work	for	HER	CW New	Record
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Y.	Ohnishi- Integrated	luminosity:		~ 50	fb-1 (2020/03~2020/06/13)

- Integrated	luminosity	per	day:	1	fb-1

It	is	depending	on	study	time	and
machine	troubles.

- We	are	struggle	with	machine
troubles	related	to	aging	hardware
not	only	in	main	rings	but	also
hardware	in	the	injector	linac
including	beam	transport	line.			
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Machine	Parameters
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Y.	Ohnishi

- Major	changes	from	the	last	run:
- LER	high	emittance	lattice	(To	make	beam	lifetime	longer)
- Reduce	#	of	bunches	(To	reduce	BG	to	TOP	detector	and	enable	high-current	operation.)
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Major	Issues
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- Luminosity	and	Beam	Optics	Tuning
- Correction	of	beam	optics	parameters	at	IP
- A	reliable	and	robust	strategy	for	low	emittance	tuning

- Injection
- Stability	of	the	injected	beam,	beam	optics	matching,	etc.

- Stable	and	Safe	Operation
- Beam	abort	due	to	unknown	issues
- Aging	hardware

- Beam	Background	(BG)	to	Belle	II
- Currently,	BG	to	TOP	detector	limits	high	current	operation.



Major	Changes	After	the	Last	(2019c)	Run
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HERコリメータ
D12	H1,	H2,	H3,	H4
D12	V1,	V2,	V3,	V4

HERコリメータ
D09	H1,	H2,	H3,	H4
D09	V1,	V2,	V3,	V4

LERコリメータ
D06	H1,	H3
D06	V1,	V2

LERコリメータ
D03	H1

LERコリメータ
D02	H1,	H2,	H3,	H4
D02	V1

HERコリメータ
D01	H3,	H4,	5
D01	V1

Pressure burst

BOR

- Replacement	of	damaged	collimator	head

- Installation	of	a	new	vertical	collimator	(D06V1)	in	LER.
This	will	protects	the	D02V1	collimator
which	is	the	most	crucial
vertical	collimator	for
QCS	and	Belle	II	detector
protection

Operation status - Damage

Photo of a D02V2 bottom jaw.

beam

Photo of a D02V2 top jaw.

beam

• Jaws of the collimators were damaged by beam hit. 
• LER: D06V2 (2019 autumn run), D02V1 (2019 spring run), D02V1 (Phase-2) 
• HER: D01V1 (Phase-2) 
• A huge beam loss and pressure burst happened near them with a QCS quench . 
• The cause, which induces the abnormal beam, is unknown. 
• A candidate is dusts in the beam pipes.

Replacement work in the presence of 
Radiation Science Center .

17

Major works after Phase3 2019c

• Replacement of damaged collimator head;
• One of LER collimator head was damaged during Phase3 2019c.
• 4 collimator heads were damaged in total so far.

9 LER : D06V2 (Phase3 2019c), D02V1 (Phase3 2019ab), D02V1 (Phase2)
9 HER  : D01V1 (Phase2)

¾Robust collimator is required in order to increase beam current.
• R&D of Low-Z collimator is undergoing.
• Short Ta head was set to D06V2 in a chain of low-Z collimator R&D.

• Installation of new vertical collimator (D06V1) in LER.
¾Reduction in BG by a factor of 2.5 is expected by a simulation.

IPAC'20 Virtual Presentation

T. Ishibashi

Damaged head Head opposite the damaged head New vertical collimator in LER

2020/May 22

T.	Ishibashi
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- Introduce	Crab	Waist	(CW)	scheme
- A	scheme	to	mitigate	a	sort	of	hourglass	effect.
- Optimum	waist	position	of	a	particle	depends	on	its	horizontal	orbit	offset	 at	IP.
- A	particle	at	sextupole feels	focusing/defocusing	force	depending	on	horizontal	offset.
- An	appropriate	set	of	sextupoles can	align	the	waist	position along	the	central
trajectory	of	the	other	one	while	minimizes	unwanted	forces	from	sextupoles.	
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- Individual	power	supply	is	needed	for	sextupole magnets	near	IP.		
- Cabling	work	has	been	successfully	completed.
- We	tried	LER	first	,	then	introduce	it	to	HER	during	2020a,b	run.

K2 +�K2
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Luminosity	Tuning
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Specific	Luminosity
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- Owing	to	CW,	collision	operation	at	high-bunch-current	region	is	possible	2020a,b.
- Many	trials	to	keep	specific	luminosity	at	higher-bunch-current	region.
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Horizontal	Angle	of	Beam	Orbit	at	IP	and	SR	on	PXD
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- Localized	horizontal	angle	of	690	µrad is	applied	at	IP	to	minimize	SR	on	PXD.
- While	this	angle	causes	beam-optics	distortion.
- We	tried	different	angle	(140	µrad)
which	minimizes	the	optics	distortion.

PXD Sync Rad 4.6.2020, p. 2

Synchrotron Radiation – Source and EffectsSynchrotron Radiation – Source and Effects

HER SR fan hit edge of beam pipe

Diffuse reflection into PXD

Problem:

Different irradiation within the sensor → local degradation

Compensation by voltage adjustment only per sensor (or 1/3 of a sensor)

Remark:

Neither occupancy nor irradiation itself is currently a problem!

e�
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Beam	Optics	(Dispersion	Function)

690	µrad

IP
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Horizontal	Angle	of	Beam	Orbit	at	IP	and	Luminosity

14

- No	improvement	in	luminosity,(or	rather	worse?),	and	SR	level	is	indeed	higher.
- We	decided	to	back	to	the	original	angle	value	690	µrad

.			 H-angle	adjustment
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Chromatic	XY-Coupling	(Ch-XYC) Correction	- Simulation	-
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- Ch-XYC correction	will	effectively	suppress	beam	blow	up. K.	Oide
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Ch-XYC	Correction		- First	Trial	-
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- Correction	with	changing	rotation	of	sextupole magnets.	
- Rotation	angle	is	determined	by	measured	Ch-XYC	and	the	model	accelerator.
- Two	sets	of	rotation	angles	are	tried.
- 06/05:	Only	4	sextupole magnets	near	IP	are	tilted	as	the	first	test.
- 06/08:	Use	14	rotatable	sextupole magnets	

Table 2: IR Magnet Tolerances Evaluated at r = 50 mm 
Magnet Mag. B or B’ B3/B1, or B6/B2 

Dipole 0.112/0.223 T 1%@50mm 
Quadrupole 2.04 T/m 0.5%@50mm 

 

FIELD MEASUREMENT RESULTS 
The field strength and uniformity of the magnetic field 

are evaluated using long flip-flop coil and harmonic coil 
measurements.  The effective lengths and longitudinal 
field profiles are evaluated using a small flip-flop coil, 
which moves along the longitudinal direction.  The mag-
netic field evaluation was carried out on the recycled 
magnets, which are operated at higher currents than at 
KEKB, and also for the new magnets. The field strength 
variation among the magnets connected to the same pow-
er supply must be small.  Figures 3 and 4 show the inte-
grated field strength variation among the LER dipole 
magnets and the wiggler magnets. The standard devia-
tions are measured to be 2u10-4 for the LER dipoles, 
which is sufficiently small.  The wigglers vary more in 
strength, with a standard deviation of ~1u10-3.  This larg-
er variation was expected as the wigglers are much short-
er than the dipoles, as seen in Table 1. This variation is 
not a problem, since the errors can be compensated for by 
optical correction during beam operation. 

 
Figure 3: Field strength variation of the LER dipole mag-
nets. 

 
Figure 4: Field strength variation of the wiggler magnets. 

 

Higher order multipole components were measured with 
the harmonic coil system and found to satisfy the re-
quirements. As an example, the higher order components 
of the new IR quadrupole magnets are shown in Fig. 5. 
 

 
Figure 5: The measured higher order multipole compo-

nents of the IR quadrupole magnets are plotted against the 
multipole order.  Blue and red solid circles correspond to 
I=300 A and 500 A, respectively.  The tolerance is indi-

cated by the red dotted line. 

 The magnet fabrication and field measurements went 
smoothly for the most part, though there was a water leak 
caused by bad silver alloy brazing.  The magnet data, the 
excitation curves and the effective lengths obtained from 
the field measurements were installed in the database in 
time for beam commissioning. 

TILTING SEXTUPOLES 
Skew sextupole magnets were found to be very effec-

tive in controlling the X-Y coupling at the IP during 
KEKB operation [5]. At SuperKEKB, the ratio of the 
skew and normal sextupole field will be controlled by 
tilting the sextupole magnets.  The required range of the 
tilt is r30 degree (~523 mrad), corresponding to 0~100% 
skew field. 

 
Figure 6: Sextupole on the tilting table. 

Proceedings of IPAC2016, Busan, Korea THPOR006

01 Circular and Linear Colliders
A02 Lepton Colliders

ISBN 978-3-95450-147-2
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M.	Masuzawa

Rotation	angles	at	06/08
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Ch-XYC	Correction		- Result	-
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- No	improvement	was	obtained	by	Ch-CYC	correction so	far.
- The	study	was	done	concurrently with	field	adjustment	of	QCS(ESL/ESR),	
and	we	found	that	the	ESL/ESR
adjustment	has strong	
impact	on	the	machine	condition.
- In	addition,	Ch-XYC	measurement
itself	is	a	very	challenging	issue,	thus
it’s	not	so	surprising	that	the	rotation
angles	we	set	did	not	give	better
luminosity	performance.		
- We	finally	needs	a	tool	which	enables
us	Ch-XYC	scan	during	beam	collision.

ESL/ESR

Ch-XYCC	(2)Ch-XYCC	(1)



Other	Topics
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Fast	(33kHz)	IP	Orbit	Feedback

19

- Some	test	runs	were	performed.	The	FB	system	basically	works.
- However,	the	FB	system	caused	beam	aborts	or	QCS	quench	in	some	conditions.
- These	unexpected	events	are	analyzed,	and	we	applied	countermeasures	to	the	system.
- Test	run	of	the	revised	system	is	ongoing.

1.iBump feedback(FB) system

Correctors are in HER.

Slow FB and fast FB use same 
BPMs and correctors.

Repetition of fast FB is 33kHz.

H.	Fukuma

FB	Monitor

FB	Target
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Beam	Abort	Events

20

- Currently,	HER	beam	loss	abort	due	to	unknown	reason	is	the	most	frequent	event.
- We	also	have	abort	events	due	to	misfiring	of	pulsed	magnets	in	the	injector	linac.
- Detailed	investigation	to	reduce	beam	aborts	has	started. M.	Satoh-san’s	talk

Beam-related	Aborts	

April May

H.	Ikeda

All	Abort	Events	in	2020a,b	

April May
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Transverse	Injection	Oscillation

21

- Bunch	oscillation	monitor	shows	that	a	part	of	bunch	train	oscillates	due	to	
remaining	field	of	(horizontal)	pulsed	injection	kickers.
- Vertical	oscillation	is	also	observed.	<- kicker	rotation	and/or	XY-coupling?
- We	are	trying	to	identify	the	source	of	the	oscillation	and	cure	this	issues	to	reduce	
background	to	Belle	II.

LER horizontal

After 16 turn

Oscillation is smaller 

0 turn After 2 turn After 3 turn

After 20 turn

Oscillation is bigger again. 
But not next injection timing.
Because of relevance monitor location 
and beam phase?

Injection oscillation

Next page explain.

After about 60 turn

Oscillation is a part of bunch train

LER vertical
After 2 turnAfter 1 turn After 3 turn

After 4 turn After 5 turn After 6 turn

Injection 
oscillation

First vertical oscillation maybe cause one side kicker. K1 
or K2

Vertical axis = intensity * displacement.
Horizontal oscillation(max point ) is bigger than 
vertical(max point). Maybe over  factor 5. 

S.	Terui
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Vacuum	Scrubbing

22

- The	most	dominant	component	of	storage	BG	is	beam-gas	scattering	in	LER.
- We	hope	the	BG	component	will	be	reduced	as	dP/dI decreases.

1. MR運転状況
• Vacuum scrubbing (Phase_3 2020ab)

1. MR運転状況
• Vacuum scrubbing (Phase_3 2020ab)

LER HER

Y.	Suetsugu
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Difficulty	in	Beam	Optics	Correction

23

- We	found	that	global	correction	does	not	always	reduce	vertical	beam	size.
- This	implies	that	beam	size	is	sensitive	to	local	beam	optics	parameters.
- We	guess	detailed	optics	in	interaction	region	is	a	key,	but	still	don’t know	a	robust		
strategy	to	get	small	beam	size.		

Beam	Optics	Distortion	(a) Beam	Optics	Distortion	(b)

<latexit sha1_base64="9e6kolfAm5CrkWq+rkr09gAVgIY="></latexit>

<latexit sha1_base64="LIPErVSiPTSskEiNEGc4V15J/mM="></latexit>
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Machine	Stability
- We	sometime	observe	unexpected	behavior	of	machine	after	maintenance day	or	a	series	of	
physics	runs.

24

- Example:	Residual	optics	error	in	LER

- Possible	sources	are	orbit	drift,	hysteresis	of	magnets,	etc.
Not	so	easy	to	identify	the	source	and	compensate	it.

- The	machine	will	becomes	more	sensitive	by	squeezing					furthermore.

Right:		After	physics	run	(2020/05/18)Just	after	optics	tuning	(2020/05/14)

<latexit sha1_base64="eACoem4+Sxna5L8S4FhD40iwf54="></latexit>
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Summary

25

- We	applied	the	CW	scheme	to	both	LER	and	HER.
- We	have	broken	the	KEKB’s	record.

Peak	luminosity	=	2.23	×1034	cm-2s-1 at	679(LER),	639(HER)	mA
- Major	issues

- Stability	of	the	beam	injection
- Stable	and	safe	operation
- Beam	abort	due	to	unknown	issues
- Beam	Background	to	Belle	II

- As	for	further	improvement	of	specific	luminosity
Correction	of	chromatic	XY-coupling	is	an	urgent	issue.

- We	plan	to	try	further	beta-squeezing	(1mm->0.8mm)	in	this	run.
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Thank	you	for	your	kind	attention.

26
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Design	Machine	Parameters

28

Machine Parameters
2017/September/1 LER HER unit

E 4.000 7.007 GeV

I 3.6 2.6 A

Number of bunches 2,500

Bunch Current 1.44 1.04 mA

Circumference 3,016.315 m

εx/εy 3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5) nm/pm ():zero current

Coupling 0.27 0.28 includes beam-beam

βx*/βy* 32/0.27 25/0.30 mm

Crossing angle 83 mrad

αp 3.20x10-4 4.55x10-4

σδ 7.92(7.53)x10-4 6.37(6.30)x10-4 ():zero current

Vc 9.4 15.0 MV

σz 6(4.7) 5(4.9) mm ():zero current

νs -0.0245 -0.0280

νx/νy 44.53/46.57 45.53/43.57

U0 1.76 2.43 MeV

τx,y/τs 45.7/22.8 58.0/29.0 msec

ξx/ξy 0.0028/0.0881 0.0012/0.0807

Luminosity 8x1035 cm-2s-1
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Low-Z	Collimator	Development

29

- Four	collimator	heads	were	damaged	in	total	so	far.
- We	have	used	tungsten	or	tantalum	for	materials	of	the	tip.
- Low-Z	(Low	atomic	number	materials)	collimator	is	under	development	to	reduce	
damage	by	abnormal	beam	hit.
- Tip	of	Carbon	will	be	applied	to	one	of	vertical	collimator	
(D06V1) in	the	next	run.

Bonding test
• Bonding test with a brazing is ongoing, and it was succeeded for a 100 mm sample in the length for a mockup. 
• The actual longitudinal length of the tip is ~ 60 mm because of the tapered geometry. 
• The bonding test for a 150 mm sample was succeeded for not the mockup but a small sample, and we’re 
not sure whether the longer tip can be manufactured so far.  

5

100 mm
150 mm

Bonding	test

Bonding test
• Bonding test with a brazing is ongoing, and it was succeeded for a 100 mm sample in the length for a mockup. 
• The actual longitudinal length of the tip is ~ 60 mm because of the tapered geometry. 
• The bonding test for a 150 mm sample was succeeded for not the mockup but a small sample, and we’re 
not sure whether the longer tip can be manufactured so far.  

5

100 mm
150 mm

T.	Ishibashi



B2GM	June	202006/22/2020

Specific	Luminosity

30

- The	colors	and	labels	show	our	many	trials	to	improve	the	machine	performance.
- My	personal	impression	is	that	it’s	not	so	easy	to	judge	whether	a	trial	is	effective	or	not,
because	as	I	mentioned,	the	machine	status	seems	to	be	depending	on	other	unknown	parameters	also.	
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2019c No Crab Waist

2020a CW(LER/HER)=40/0%

2020a CW(LER/HER)=60/0%

2020b CW(LER/HER)=60/0%(V-angle)

2020b CW(LER/HER)=60/40%

2020b CW(LER/HER)=60/40% (HER H-angle)

2020b CW(LER/HER)=60/40% (off-resonance)

2020b CW(LER/HER)=80/40% (High Emittance)

2020b CW(LER/HER)=80/40% (High Emittance,nb=978,off-resonance)

2020b CW(LER/HER)=80/40% (LER ChXYCC)
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Adjustment	of	anti-solenoid	field	of	QCS	(ESL/ESR)

31

- Tried	to	correct	to	ESL/ESR	field	strength	based	on	field	measurement	results.
- No	improvement	in	luminosity	performance,	and	the	machine	seems	to	be	unstable.
- It	seems	that	impact	on	beam	optics	is	considerably	large.
- Need	more	systematic	study	after	preparing	a	remote	control	system	for	ESL/SER.

2020/06/02 QCS-Opticsᡴྜ䛫 1

QC1LP/LE are located at 2.82 mm far with respect to 
the design position from IP, and QC1LP/LE are 1.19 
mm.

Positions of ESL and ESR1 are 
same from the mechanical 
design.

䠇0.34 mm 䠇0.25 mmMovement of Support table by EMF

Integral solenoid field of ESL, ESR1

ESL/ESR

N.	Ouchi
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Injection tuning HER

2020/6/10 swing2020/6/8 swing

Smearing of horizontal oscillation is very fast.
This is quite unusual. There were unusually large
nonlinear components?

Today’s smearing speed is usual.

Injection	Tuning

32

- Injection	tuning	is	one	of	the	most	difficult	part.
- The	performance	is	very	sensitive	to	many	parameters	including	the	injector	condition.
- Reproducibility	is	not	so	good,	we	need	frequent	tuning	to	keep	injection	performance.		
- Example:

Transverse	injection	oscillation	observed	in	06/08	and	06/10

Even	the	machine	setting	is	
almost	same	(we	believe),
the	behavior	of	injected	beam
is	quite	different and	the	injection
efficient	is	poor at	06/08.

Shift	report	by	Y.	Funakoshi
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Simulation	on	CW

33

Beam distribution for various CW ratios ( mm)β*y = 1

• Same contours for all CW ratios.
• Suppression of the tail as well as higher density of the core are visible, even for CW = 20%.
• CW = 80% is the best for the luminosity, better than 100% (look at the density of the core).
• Simulation: BBWS(K. Ohmi) + lattice, by SAD.

LER

K.	Oide
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Beam	Aborts
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- Local	XY-coupling	correction

- Abort	dye	to	abnormal	orbit

- Troubles

- XY-coupling	correction	and	beam	size

- Fill	pattern

- difficuluty in	optics	tuning	after	shutdown

- Tuevey on	radiation	activayion

- H	angle	and	SR

- High	Emittance

- Injection	BG	and	#of	Bunch

- Fast	Ibump FB	and	Quench

- ESL/ESR	adjustment

- Off	resonance

- Difficukuty in	Beta-Squeezing

- Injection	Tuning

- Injection	Kicker	rotation

- Beam	Aborts	task	force.

- Rotable sextupole and	synchro	beta	emittance
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Items

35

- 02/27	Start	operation	->	Vacuum	scrubinng

- 03/04	Start	collision	with	by*=2mm

- 03/09	beta	squeezing	->	by*=1mm

- 03/16	LER	CW	0->40%

- 03/24	LER	CW	40->60%

- 04/20-23	Cabling	work	for	HER	CW

- 04/24	HER	CW	0	->	40%

- 05/11-14	Off-momentum

- 05/15	back	to	on-momentum	and	H-angle	correction

- 05/25	QCS	quench	due	to	Fast	iBump FB

- 06/01	LER	CW	60%	->	80%,	Restore	H-angle

- 06/02	ESL/ESR	adjustment

- 06/05	Rotatable	sextupole
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Beam-Beam Parameters

Definition of beam-beam parameter (here)

⇠y±(Ib⌥) =
2ere�⇤

y±
�±I±

L
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Specific Luminosity

off-resonance 
(not corrected)

We need energy correction.

H-angle 
(HER)

• 2020abのcrab waistありではバンチ電流が⾼くてもspecific luminosityは横ばいで推移
している。2020b crab waistなしでのspecific luminosityか2゙019cと⽐へで低いのて、゙crab 
waistありでのspecific luminosityは調整により今後もっと⾼くなる可能性あり。
• Phase-3 2020abのビームドーズはLER: 238 Ah、HER:199 Ah。D06アーク部のdp/dIが
⾼い。今のところメンテナンス⽇に実施したNEG活性化の効果は⾒られない。
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All	Abort	Events	in	2020a,b	

April May

Beam-related	Aborts	

April May
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LER horizontal

After 16 turn

Oscillation is smaller 

0 turn After 2 turn After 3 turn

After 20 turn

Oscillation is bigger again. 
But not next injection timing.
Because of relevance monitor location 
and beam phase?

Injection oscillation

Next page explain.

After about 60 turn

Oscillation is a part of bunch train

LER vertical
After 2 turnAfter 1 turn After 3 turn

After 4 turn After 5 turn After 6 turn

Injection 
oscillation

First vertical oscillation maybe cause one side kicker. K1 
or K2

Vertical axis = intensity * displacement.
Horizontal oscillation(max point ) is bigger than 
vertical(max point). Maybe over  factor 5. 



B2GM	June	202006/22/2020

Status	of	Operation
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- We	have	broken	the	KEKB’s	record! (2.108	x	1034	cm-2s-1)

- Peak	luminosity	=	2.23×1034	cm-2s-1 at	679(LER),	639(HER)	mA
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