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Targets in Phase 2 Commissioning

1. Verification of nano-beam scheme 
Squeezing βy* down to a few mm < σz. 

Luminosity increases even though βy* is smaller than σz. 

Beam-Beam parameter, ξy > 0.03 

L = 1034 cm-2s-1 at 1 [A] beam current in the LER 
2. Understanding and reduction of Belle II backgrounds 

3. Establishment of the injection system
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Verification of Nano-Beam Scheme
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Target Achievements Remark

Squeezing βy* 
down to 2 mm βy* = 3 mm

βy* = 2 mm 
is tested for 

machine study

Luminosity increases even 
though βy* < σz.

confirmed
XY coupling at the 
IP is adjusted by 

QC1.

Beam-Beam Parameter,  
ξy > 0.03

ξy- = 0.021 
at Ib+ = 0.67 mA

ξy+ = 0.030 
at Ib- = 0.55 mA

L = 1034 cm-2s-1 
at 1 [A] in LER

L = 2.29 x 1033 cm-2s-1 
at 0.265 [A] in LER

L = 9x1033 cm-2s-1 
at 1 [A] in LER 
extrapolation 
by a factor 4



Beta Squeezing at IP
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"Detuned optics" The smallest βy* in the world！
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βy* < σz

vacuum 
scrubbing

First collision



Verification of Nano-Beam Scheme
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βy* > σz

Event though emittance tuning 
is improved by global optics correction.

βy* = σzβy* < σz
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Verification of Nano-Beam Scheme
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βy* > σz

Event though emittance tuning 
is improved by global optics correction.
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Waist XY coupling YZ coupling

Local error in QCS
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L / 1p
"y�⇤

y
<latexit sha1_base64="BFbsMaFKO8U7s8BJqUk7YuA5A0k="></latexit><latexit sha1_base64="BFbsMaFKO8U7s8BJqUk7YuA5A0k="></latexit><latexit sha1_base64="BFbsMaFKO8U7s8BJqUk7YuA5A0k="></latexit><latexit sha1_base64="BFbsMaFKO8U7s8BJqUk7YuA5A0k="></latexit>

L / ⇠y
�⇤
y

<latexit sha1_base64="CNiWeZEcUyrQ9SiR1Qh/jKH9gNA="></latexit><latexit sha1_base64="CNiWeZEcUyrQ9SiR1Qh/jKH9gNA="></latexit><latexit sha1_base64="CNiWeZEcUyrQ9SiR1Qh/jKH9gNA="></latexit><latexit sha1_base64="CNiWeZEcUyrQ9SiR1Qh/jKH9gNA="></latexit>

or ⇠y /

s
�⇤
y

"y
<latexit sha1_base64="UblaTPoostcYkVIBngbaNf34/ng="></latexit><latexit sha1_base64="UblaTPoostcYkVIBngbaNf34/ng="></latexit><latexit sha1_base64="UblaTPoostcYkVIBngbaNf34/ng="></latexit><latexit sha1_base64="UblaTPoostcYkVIBngbaNf34/ng="></latexit>



Verification of Nano-Beam Scheme
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XY coupling at IP
corrected by QCS

βy* > σz

Event though emittance tuning 
is improved by global optics correction.
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Verification of Nano-Beam Scheme
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Emittance
is improved.

XY coupling at IP
corrected by QCS

βy* > σz

Event though emittance tuning 
is improved by global optics correction.
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Adjustment of XY Coupling with QC1 Skew Quadrupoles
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Extremely low bunch current 
15.8 mA/1576 bunches 

to avoid beam-beam blowup as much as possible 
and to get geometrical luminosity.

Before R2 adjustment
�⇤
x = 200 mm �⇤

y = 4 mm
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0.1 mA/bunch

LumiBelle2 is good performance !
Very large beam size !
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Adjustment of XY Coupling with QC1 Skew Quadrupoles
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Extremely low bunch current 
15.8 mA/1576 bunches 

to avoid beam-beam blowup as much as possible 
and to get geometrical luminosity.

Before R2 adjustment
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0.1 mA/bunch

Estimation from X-Ray Monitor: 
σy* = 400 nm (LER), 500 nm (HER) 

No change after adjustment of 
X-Y coupling(R2) at IP

Measurement by beam-beam scan: 
σy* = 1253 nm → 689 nm

Beam size becomes small !

After R2 adjustment

LumiBelle2 is good performance !
Very large beam size !
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Smallest Beam Size measured from Beam-Beam Scan
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0.1 mA/bunch

Extremely low bunch current 
15.8 mA/1576 bunches 

to avoid beam-beam blowup as much as possible 
and to get geometrical luminosity.

σy* = 333 nm

Y. Funakoshi

After R2 adjustment
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Specific Luminosity and Beam-Beam Parameter
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Lsp = 4x1031 ! σy* = 300 nm (εy = 30 pm)
↔ εy = 23 pm for single beam in LER

High bunch current

Reference bunch current

The beam-beam parameter is 0.02.

L = 2.29 x 1033

The beam size from Lsp is consistent with that of no beam-beam.

0.081@1.04 mA 0.088@1.44 mA



Specific Luminosity and Beam-Beam Parameter
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Lsp = 4x1031 ! σy* = 300 nm (εy = 30 pm)
↔ εy = 23 pm for single beam in LER

High bunch current

Reference bunch current

The beam-beam parameter is 0.02.

L = 2.29 x 1033

The beam size from Lsp is consistent with that of no beam-beam.

Luminosity drop at low current. ☞ issue in Phase 3

Beam-Beam Blowup
Collective effect

0.081@1.04 mA 0.088@1.44 mA



Specific Luminosity and Beam-Beam Parameter
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Lsp = 4x1031 ! σy* = 300 nm (εy = 30 pm)
↔ εy = 23 pm for single beam in LER

The beam-beam parameter is saturated at high
bunch current.　☞ issue in Phase 3

High bunch current

Reference bunch current

The beam-beam parameter is 0.02.

L = 2.29 x 1033

The beam size from Lsp is consistent with that of no beam-beam.

Luminosity drop at low current. ☞ issue in Phase 3

Beam-Beam Blowup
Collective effect

0.081@1.04 mA 0.088@1.44 mA



Beam-Beam Blowup
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Beam size at IP estimated from X-Ray Monitor

Beam size is large at the low bunch current in LER. 
Blowup is also significant at high bunch current.

June/29

July/3

June/29

July/3
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LER: HER:

εy = 30 pm

εy = 120 pm
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<latexit sha1_base64="NmUGRSKcKslB9P9pUumO6pkZPO4="></latexit><latexit sha1_base64="NmUGRSKcKslB9P9pUumO6pkZPO4="></latexit><latexit sha1_base64="NmUGRSKcKslB9P9pUumO6pkZPO4="></latexit><latexit sha1_base64="NmUGRSKcKslB9P9pUumO6pkZPO4="></latexit><latexit sha1_base64="NmUGRSKcKslB9P9pUumO6pkZPO4="></latexit><latexit sha1_base64="NmUGRSKcKslB9P9pUumO6pkZPO4="></latexit>
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<latexit sha1_base64="MbYIVqpWIJdK3e5RDOM+4E3qeko="></latexit><latexit sha1_base64="MbYIVqpWIJdK3e5RDOM+4E3qeko="></latexit><latexit sha1_base64="MbYIVqpWIJdK3e5RDOM+4E3qeko="></latexit><latexit sha1_base64="MbYIVqpWIJdK3e5RDOM+4E3qeko="></latexit><latexit sha1_base64="MbYIVqpWIJdK3e5RDOM+4E3qeko="></latexit><latexit sha1_base64="MbYIVqpWIJdK3e5RDOM+4E3qeko="></latexit>

~ 300 nm (almost consistent with single beam)

Beam size at IP estimated from luminosity
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<latexit sha1_base64="vVulJHywbSCFCE2m2UaetjxHZfw="></latexit><latexit sha1_base64="vVulJHywbSCFCE2m2UaetjxHZfw="></latexit><latexit sha1_base64="vVulJHywbSCFCE2m2UaetjxHZfw="></latexit><latexit sha1_base64="vVulJHywbSCFCE2m2UaetjxHZfw="></latexit><latexit sha1_base64="vVulJHywbSCFCE2m2UaetjxHZfw="></latexit><latexit sha1_base64="vVulJHywbSCFCE2m2UaetjxHZfw="></latexit> �
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m
]

<latexit sha1_base64="m2+EBYEUTTMZHICZAWMfsGQQIAg="></latexit><latexit sha1_base64="m2+EBYEUTTMZHICZAWMfsGQQIAg="></latexit><latexit sha1_base64="m2+EBYEUTTMZHICZAWMfsGQQIAg="></latexit><latexit sha1_base64="m2+EBYEUTTMZHICZAWMfsGQQIAg="></latexit><latexit sha1_base64="m2+EBYEUTTMZHICZAWMfsGQQIAg="></latexit><latexit sha1_base64="m2+EBYEUTTMZHICZAWMfsGQQIAg="></latexit>



Degradation of Specific Luminosity
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K. OhmiBeam-Beam simulations with machine error (W-S)

QC2RE

QC2RP

Error field:
sextupole 

skew sextupole
in QCS

measured magnetic field
along beam axis 

(N. Ohuchi)

>> meas. >> IP knob scan

Interference of Beam-Beam and lattice nonlinear degrades luminosity. 



Correction of Machine Error
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Rotatable sextupoles in LER

Sextupole corrector coils in QCS

Skew sextupole corrector coils in QCS

Octupole corrector coils in QCS

Skew quadrupole corrector coils in QCS (for each main quads.)

QC2LE
QC1LE

QC2LP QC1LP

QC2RP
QC1RP

QC2REQC1RE
octupole octupole

octupole

sextupole
octupole

octupole

sextupole

skew sextupole skew sextupole

skew sextupolesextupole

IP

skew quad-like coil

ro
ta

ta
bl

e 
se

xt
up

ol
e



Travel Guide for Luminosity Mountain

�13

Reference 
bunch current 

(nb=789)

Specific Luminosity is improving day by day.

Luminosity contour

High bunch current
 (nb=395)

Lpeak=2.29x1033 x4   L=9x1033@ 1.08 [A]
(nb=1576) ~ 1034

@ 270 mA

extrapolation



History of Phase 2
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Max. IHER = 800 mA

Max. ILER = 860 mA

Lpeak = 5.55 x 1033 cm-2s-1



Machine Parameters in Phase 2

�15

High bunch current Reference High current

LER HER LER HER LER HER Unit

 I  @ Lpeak 265 217 327 279 788 778 mA

nb 395 789 1576

I/nb 0.670 0.549 0.414 0.353 0.500 0.494 mA/bunch

εx 1.8 4.6 1.7 4.6 1.7 4.6 nm

βx* 200 100 200 100 200 100 mm

βy* 3 3 3 3 3 3 mm

νx 44.562 45.542 44.558 45.541 44.561 45.545

νy 46.617 43.609 46.615 43.610 46.614 43.612

σy* (XRM) 883 652 692 486 1285* 528 nm

σy* = Σy*/√2 797 552 879 nm

ξy 0.030 0.021 0.0277 0.0186 0.0244 0.0141

L 2.29 x 1033 2.62 x 1033 5.55 x 1033 cm-2s-1

typical physics run *εy enhancement in LER

-

test of luminosity performance



Integrated Luminosity
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454 pb-1

1853 pb-1

24.5 %
What's happen ?

Daily Integrated Luminosity in Phase 2 (0 - 9am for 40 days) ONLINE Data



Issues in Phase 2
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�⇤
y = 3 mm

<latexit sha1_base64="9AtisYU1DMgmVAzZLYvllqyyo5A="></latexit><latexit sha1_base64="9AtisYU1DMgmVAzZLYvllqyyo5A="></latexit><latexit sha1_base64="9AtisYU1DMgmVAzZLYvllqyyo5A="></latexit><latexit sha1_base64="9AtisYU1DMgmVAzZLYvllqyyo5A="></latexit><latexit sha1_base64="9AtisYU1DMgmVAzZLYvllqyyo5A="></latexit><latexit sha1_base64="9AtisYU1DMgmVAzZLYvllqyyo5A="></latexit>

QCS Quench 
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N
um

be
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f Q
C

S 
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ay HER Injection
HER Storage
LER Injection
LER Storage

Adjustment of the movable collimators Belle II abort system (diamond abort)

Damage of collimator head 
in LER

Damage of collimator head 
in HER

The first trial 
of beta squeezing

The first collision 
tuning

Test of 
waist knob

Injection 
with ECK

injection kicker 
in LER(K2-3)

Collimators not optimized 
well when beta squeezing

RF phase scan 
Unstable region 

for BxB FB？

Synchrotron 
oscillation in LER

High temperature
due to Hot summer

Collimators are 
almost full open.

Beam operation was
sometimes unstable.

I H
ER

 [m
A

]
I LE

R
 [m

A
]



Damage of Movable Collimator (Head)
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Bottom Top

electron

outer of the ring

Top head

electron bam

width 12 mm 

Belle II

D06H3

D06H4

D02V1
D02H3D02H4D01H5

D01V1
D01H4

KEKB type

KEKB type

new type

Compromise lifetime, injection,
and detector background. 

New collimator (SLAC type)

Y. Suetsugu, T. Ishibashi, S. Terui

LER

HER

Number of movable collimators is small in LER. 
Especially, only one in the vertical.

Vertical Collimator



Incident of Collimator Damage
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QCS quench (LER and HER)
LER vertical collimator has damage.
Vacuum pressure rise was observed

in the vicinity of the collimator.

June 25

collision

QCS quench (HER)

HER vertical collimator has damage.
Vacuum pressure rise was observed

in the vicinity of the collimator.
No bunch oscillation with beam loss

non-collision
no injection

July 9



Summary
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Beckoning cat 
(Fortune cat) 

It is believed to draw happiness and customers.
"luminosity"

... To be continued in Phase 3



Appendix
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Luminosity in Nano-Beam Scheme
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Luminosity L =
N�N+nbf0

4⇡(�⇤
x,eff )
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' �±
2ere

I±⇠y±
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y

<latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit>

Beam-Beam
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reN⌥
2⇡�±(�⇤

x,eff )

s
�⇤
y

"y
<latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit>

�⇤
y ! small

<latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit>

⇠y ! small
<latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit>

L ! large
<latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit>

�⇤
y ! ⇥ 1/20

<latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit>

I± ! ⇥ 2
<latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit>

L ! ⇥ 40
<latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit>

Final Target ⇠y ! ⇥ 1
<latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit>

However



Luminosity in Nano-Beam Scheme
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Luminosity L =
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<latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit>

�⇤
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<latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit>

⇠y ! small
<latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit>

L ! large
<latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit>

�⇤
y ! ⇥ 1/20

<latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit>

I± ! ⇥ 2
<latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit>

L ! ⇥ 40
<latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit>

Final Target ⇠y ! ⇥ 1
<latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit>

However
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<latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit>
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<latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit>
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<latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit>

I± ! ⇥ 2
<latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit>

L ! ⇥ 40
<latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit>

Final Target ⇠y ! ⇥ 1
<latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit>

However



Luminosity in Nano-Beam Scheme
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y

<latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit>

Beam-Beam
Parameter ⇠y± =

reN⌥
2⇡�±(�⇤

x,eff )

s
�⇤
y

"y
<latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit>

�⇤
y ! small

<latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit>

⇠y ! small
<latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit>

L ! large
<latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit>

�⇤
y ! ⇥ 1/20

<latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit>

I± ! ⇥ 2
<latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit>

L ! ⇥ 40
<latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit>

Final Target ⇠y ! ⇥ 1
<latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit>

However



Luminosity in Nano-Beam Scheme

�23

Luminosity L =
N�N+nbf0

4⇡(�⇤
x,eff )

p
"y�⇤

y

' �±
2ere

I±⇠y±
�⇤
y

<latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit>
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x,eff )
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�⇤
y
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<latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit>

�⇤
y ! small

<latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit>

⇠y ! small
<latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit>

L ! large
<latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit>

�⇤
y ! ⇥ 1/20

<latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit>

I± ! ⇥ 2
<latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit>

L ! ⇥ 40
<latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit>

Final Target ⇠y ! ⇥ 1
<latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit>

"y ! small
<latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit>

However
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<latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit><latexit sha1_base64="hGC3TiAEAMW7b164I52AwNakkbY="></latexit>
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<latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit><latexit sha1_base64="FH4F7+8loQx1hFrpbtq/fHTuiT0="></latexit>

�⇤
y ! small

<latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit><latexit sha1_base64="7z8ugBBQzedvx6GDx60G/4p2tBU="></latexit>

⇠y ! small
<latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit><latexit sha1_base64="R0xAYFiEZistSBpEDvW9z3gY5ig="></latexit>

L ! large
<latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit><latexit sha1_base64="HrGfafV95HEmGVQs+qw4qpaLOUk="></latexit>

�⇤
y ! ⇥ 1/20

<latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit><latexit sha1_base64="CJ4W+W4OSGZ/kPTcG8ckUj0cy3U="></latexit>

I± ! ⇥ 2
<latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit><latexit sha1_base64="3gJIlfay0gk8CCgGKxmWx2Yztas="></latexit>

L ! ⇥ 40
<latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit><latexit sha1_base64="LLY7FtWlZRvquDdFntl903dq7CI="></latexit>

Final Target ⇠y ! ⇥ 1
<latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit><latexit sha1_base64="DgD2AznZAAJoaF9nAckteYOwSME="></latexit>

"y ! small
<latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit><latexit sha1_base64="9ZA1gL/BP/Hqk1Qj2UXcqxhmddI="></latexit>

However



Overlap Region at IP

�24

Ordinary collision (KEKB) Nano-Beam (SuperKEKB Phase2)

σ = 550 μm
σ = 4.5 mm

measurement at Belle II 
measurement at Belle 

The vertex distribution is constrained 
in the nano-beam scheme.bunch length x 2

I. Adachi, T. Iijima



Rotation Error of QCS

�25

The same amount of rotation does not affect 
arc sections. 

The global correction of XY couplings can not 
correct XY coupling at the IR completely.

IP

QC1L

QC1R
skew quads.

skew quads.

Skew quads in QCS can be used to correct the local XY couplings.

IP

XY couplings

r1

r2

r3

r4

XY coupling at IP remains locally.



Waist Scan by using QC1
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LER HERΔs = -1.14 mm Δs = +0.4 mm

Beam size

Luminosity

Beam Size

Luminosity

LER Waist Position HER Waist Position



Collision Tuning with IP Knobs

�27

IP XY coupling knob and dispersion knob
Skew quadrupole coils at sextupoles are utilized.

A. Morita, Y. Funakoshi 

r1* in HER 

Luminosity

Beam size
(XRM)



Beam Lifetime

�28

LER current:          320 mA 
Touschek lifetime: 35 min (nb: 789) 
lifetime (others):    80 min

HERLER June 12, 2018

�⇤
x = 200 mm �⇤

y = 3 mm
<latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit>

�⇤
x = 200 mm �⇤

y = 3 mm
<latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit><latexit sha1_base64="9ES9Z/12c/B7T5iOhTFtDdnFzcg="></latexit>

HER current:          285 mA 
Touschek lifetime: 86 min (nb: 789) 
lifetime (others):    28 hours

June 12, 2018

Physical aperture limits the beam lifetime.

Movable collimators to reduce background and avoid QCS quench εy is controlled by vertical dispersions. 



Sextupole Tuning and Beam Lifetime
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2

ref.
3

4

1
5

2’ 4’

Beam size smaller →← Beam size larger

ID number specifies a different set of sextupole combination.

Sextupole tuning could not improve the beam lifetime in the LER.
Physical aperture limits the beam lifetime. (Tracking simulation supports this.)

June 27, 2018

2’ : with optics correction
4’ : with optics correction

improve 
beam lifetime

5 sets of sextupole settings

σy measured by XRM



HER Tune and Detector Background
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HER tune clearly affects the beam background. 

We have to find better a working point  
and necessary to keep tunes. 

Luminosity run, May 29, 2018 H. Nakayama 
slide from Phase 2 summary meeting 

LER Beam Current

HER Beam Current

HER Vertical Tune



Bunch Current Monitor
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Pilot bunch 
(non-collision)

Tunes are measured by gated tune meter.

Pilot bunch 
(non-collision)



Betatron Tune Feedback

�32

We have applied tune feedback system for the last week of Phase 2.
Tune shift due to resistive wall is compensated.
(dependent on the beam current)

optics server optics server

injection injection

matching and send "set magnet" to optics server



Measurement of Electron Cloud

�33

Phase 1: June 9, 2016 Phase 2: July 12, 2019

Additional permanent magnets
Threshold is much improved.  
more than twice of 0.2 mA/bunch/RF bucket
Mode of CBI changes and the growth rate is reduced.

no 
blowup

Y. Suetsugu et al.


