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This Talk	


SuperKEKB	
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This Talk	


•  SuperKEKB project"

•  Main ring status"

•  Linac status"

•  Commissioning plan  
  and issues on optic control "

SuperKEKB	




 SuperKEKB	
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New luminosity frontier 
L= 8 × 1035 cm-2s-1 

Nano-beam scheme


u  Nano-Beam scheme"
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  extremely	
  small	
  βy*	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  low	
  emiAance"
u  High beam current"

Redesign the lattice to squeeze the 
emittance (replace short dipoles with 
longer ones, increase wiggler cycles)


Replace beam pipes with TiN-coated beam 
pipes with antechambers


New superconducting final 
focusing magnets near the IP


New e+ Damping Ring


New capture section


Upgrade to Belle II detector


7GeV e-	
4GeV e+	


Injector Linac upgrade


DR tunnel


Improve monitors and control system


RF electron gun


Reinforce RF systems for

higher beam currents


SuperKEKB	




KEKB to SuperKEKB	


▶  Vertical β function at IP:  5.9 → 0.27/0.30 mm   (× 20)"

▶  Beam current:  1.7/1.4 → 3.6/2.6 A     (× 2)"

▶  Beam energy: 　3.5/8.0 → 4.0/7.0 GeV"

▶  Beam-beam parameter:   .09 → .09     (× 1)"
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=	
  8	
  ×	
  1035	
  cm-­‐2s-­‐1 

e+ e- 

High	
  current,	
  Small	
  IP	
  beta,	
  Low	
  emittance 



Main Ring Status	


Focus on Magnets in Interaction Region	
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Final Focus Magnets System (QCS)	


QC2LE	


QC2LP	


QC1LE	


QC1LP	


QC1RP	


QC1RE	


QC2RP	


QC2RE	

ESL	
 ESR	


ESR-­‐add	


QC1RE	


QC1RP	


QC1LP	

QC2LP	


QC2RP	


QC2LE	


QC1LE	


•  Assemblies	
  of	
  eight	
  quadrupole	
  
magnets	
  in	
  collaring	
  process	
  were	
  
completed	
  in	
  March	
  2014.	
  

•  4	
  quadrupole	
  magnets	
  for	
  the	
  leK	
  
side	
  were	
  assembled	
  with	
  the	
  S.C.	
  
corrector	
  magnets	
  sent	
  from	
  BNL,	
  
and	
  they	
  were	
  cold	
  tested	
  at	
  4K.	
  
̶  The	
  quadrupole	
  magnets	
  and	
  the	
  

correctors	
  were	
  excited	
  to	
  the	
  
nominal	
  current	
  without	
  quench.	
  

̶  The	
  magneAc	
  field	
  qualiAes	
  were	
  
acceptable	
  for	
  the	
  beam	
  
operaAon.	
  

IP	


QC2RE	
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Corrector Magnets	

• S.C. corrector magnets are fabricated 

by BNL. 
• All coil windings of 43 corrector  
  magnets have been completed.  
• The final assembly is the QC1RE 

corrector magnets and the QC1RP 
leak field cancel magnets on the same 
support bobbin. 

• The assembled magnets  
  will be delivered to KEK  
  in February. 

Final assembly of the corrector 
magnet in BNL. 
BNL technician is handling the cables 
from 8 magnets on the support bobbin. 
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Anti-solenoid (ESL, ESR)	

•  Construction of S.C. compensation solenoid 

(ESL) is on going. 
•  Although the solenoid had a damage of the 

electrical insulation between the 
superconducting cable and the support 
bobbin, Mitsubishi well recovered the 
damage, and the solenoid was delivered to 
KEK in Dec. 

Completed ESL compensation solenoid. 
The solenoid was divided into the 12 small solenoids.  	


The cold test of ESL was performed 
in KEK from Jan. 5th 2015 . ESL was 
successfully excited to the design 
current without any quench.	




Commissioning will start in JFY 2015.	
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Schedule	


JFY2018�
2018�2014�

JFY2014�
2015� 2016� 2017�

JFY2015� JFY2016� JFY2017�Japan	
  FY �

now	


Calendar�

Power	
  restric1on	
  
	
  	
  in	
  summer	


phase	
  1� phase	
  2� phase	
  3�
Start-­‐up � QCS,	
  Belle	
  II	
  install � VXD	
  install �w/o	
  QCS	
  

w/o	
  Belle	
  II�
w/	
  QCS	
  
w/	
  Belle	
  II	
  (no	
  VXD) �

w/	
  full	
  Belle	
  II�

phase	
  1� phase	
  2� phase	
  3�
Start-­‐up � QCS,	
  Belle	
  II	
  install � VXD	
  install �Current	
  plan	
  ongoing	
 w/o	
  QCS	
  

w/o	
  Belle	
  II�
w/	
  QCS	
  
w/	
  Belle	
  II	
  (no	
  VXD) �

w/	
  full	
  Belle	
  II�

phase	
  1� phase	
  2� phase	
  3�SuperKEKB	
  Construc1on �
Start-­‐up � QCS,	
  Belle	
  II� VXD	
  install �Original	
  plan	
  

w/o	
  QCS	
  
w/o	
  Belle	
  II�

w/	
  QCS	
  
w/	
  Belle	
  II	
  (no	
  VXD) �

w/	
  full	
  Belle	
  II�

phase	
  1� phase	
  2�
Start-­‐up � QCS,	
  Belle	
  II	
  install � VXD	
  install �w/o	
  QCS	
  

w/o	
  Belle	
  II�
w/	
  QCS	
  
w/	
  Belle	
  II	
  (no	
  VXD) �

JFY2014	
  OperaAon	
  budget	
  
cut	
  by	
  12	
  Oku-­‐Yen	


More	
  realisAc	
  esAmaAon	
  of	
  schedule:	
  11	
  
months	
  for	
  phase	
  1-­‐>2,	
  6	
  for	
  phase	
  2-­‐>3.	


SuperKEKB	
  Construc1on �

SuperKEKB	
  Construc1on �

SuperKEKB	
  Construc1on �

Power	
  restric1on	
  
	
  	
  in	
  summer	


Power	
  restric1on	
  
	
  	
  in	
  summer	


phase	
  3�
w/	
  full	
  Belle	
  II�

Power	
  restric1on	
  
	
  	
  in	
  summer	


(B)	
  Desirable	
  JFY2015	
  budget	


(A)	
  Conceivable	
  JFY2015	
  budget	




Linac Status"
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•  40-times higher Luminosity"
–  Twice larger storage beam " "à Higher beam current at Linac"
–  20-times higher collision rate with nano-beam scheme 　"

•  à Low-emittance even at first turn "à Low-emittance beam from Linac"
•  à Shorter storage lifetime " "à Higher Linac beam current"

•  Linac challenges"
–  Low emittance e-"

•  with high-charge RF-gun"
–  Low emittance e+"

•  with damping ring"
–  Higher e+ beam current"

•  with new capture section"
–  Emittance preservation"

•  with precise beam control"
–  4+1 ring simultaneous injection"

Mission of Injector Linac	
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•  Low emittance photo-cathode rf gun"
•  New positron source"
•  Damping ring"
•  Timing system"
•  LLRF development"

Linac commissioning is on-going in parallel with its upgrade."

Upgrade Items	
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•  5.6 nC / bunch was confirmed"
•  Next step: 50-Hz beam generation & 

"Radiation control	


Quasi traveling wave side couple cavity	


Cascaded frequency doublers	


Yb	
  fiber	
  and	
  Yb:YAG	
  think	
  disk	
  laser	
  

Ir5Ce	
  photo	
  cathode	
  

Ir5Ce 
Cathode	


Photo Cathode RF Gun Development	
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A-1 RF Gun Results	


A1 sector at KEK linac	


Horizontal	
 VerAcal	

32.7	
  ±3.1	
  mm-­‐mrad	
  	
 10.7	
  ±1.4	
  	
  mm-­‐mrad	


Q-scan emittance measurement	
beam size measurement for Q-scan 	


RF gun	


5.6 nC bunch charge  
was observed.	
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- New positron capture section after target with  
  Flux concentrator (FC) and large-aperture S-band structure (LAS)"
- Satellite bunch (beam loss) elimination with velocity bunching"
- Pinhole (2mm) for electrons beside target (3.5mm)"
- Beam spoiler for target protection"
"

Flux "
Concentrator	


e+	


5 nC injection e-	


10 nC"
primary e-	


bridge coils	


target	


beam"
hole	


pulsed ST	


DC QM	


pulsed QM	


side view	


spoiler	


solenoid	


LAS Accel. "
structure	


16	


positron"
production"
Target	


Flux "
Concentrator	


Bridge"
Coils	


primary "
e- beam	


 e+ beam	


Positron Source for SuperKEKB	
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Positron Capture Section	


FC	
  &	
  Target	


Capture	
  sec1on	
  has	
  been	
  constructed	
  in	
  April	
  2014.	
  	
  
We	
  started	
  positron	
  commissioning	
  in	
  May	
  2014.	
  

DC	
  solenoid	


Positron beam	


Positron	
  genera1on	
  was	
  
confirmed	
  in	
  June.	
  2014	
  

Signal	
  from	
  	
  
primary	
  electron	
  



Commissioning Plan 
and Issues on Optics Control"



•  Phase 0:  
 - Main ring construction  
 - Linac commissioning and construction  
 - Development of the commissioning software"

2015/02/06	
 Advanced	
  Op1cs	
  Control	
  2015	
  @	
  CERN	
 19	


Commissioning Phase	


•  Phase 3: 6 months ~ several years?  
 - W/ QCS, W/ physic detector (Physics run) 
 - Toward to the target luminosity. 
 - Study on many difficult problems inherent in the nano-beam scheme.	


•  Phase 2: ~6 months 
 - W/ QCS and physics detector 
 - Optics, collision, and luminosity tuning"

•  Phase 1: ~6 months 
 - No QCS, No physics detector 
 - Basic commissioning, hardware check, low emittance tuning, etc."

We	
  are	
  here.	




Optics Measurement	
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•  Optics measurement with orbit response analysis 
 - Horizontal & vertical coupling: 
     Vertical leakage orbits associated with horizontal kicks. 
 - Dispersion: 
     Response with RF frequency change. 
 - Beta function: 
     Orbit response analysis with steering kicks.	


•  All quadrupole magnets have BPM. 
( ~ 450 BPMs per ring)  

•  135 BPMs (per ring) can be used with turn by turn mode."
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X-Y Coupling Measurement	

Physical	
  

coordinate	

Betatron	
  
coordinate	


Coupling	
  
parameters	
�

���

x
px

y
py

�

��� =

�

���

µ 0 r4 �r2

0 µ �r3 r1

�r1 �r2 µ 0
�r3 �r4 0 µ

�

���

�

���

u
pu

v
pv

�

���

< x2 > = µ2 < u2 > +r2
4 < v2 > �2r2r4 < vpv > +r2

2 < p2
v >� µ2 < u2 >

< xpx > = µ2 < upu > �r1r2 < p2
v > +(r1r4 + r2r3) < vpv > �r3r4 < v2 >� µ2 < upu >

< p2
x > = µ2 < p2

u > +r2
3 < v2 > �2r1r3 < vpv > +r2

1 < p2
v >� µ2 < p2

u >

µ2 + (r1r4 � r2r3) = 1

Derivation of X-Y coupling

14

�

���

< xy >
< xpx >
< xpy >
< pxpy >

�

��� = � 1
µ

�

�

���

r1

r2

r3

r4

�

���

� =

�

���

< x2 > < xpx > + < ypy > 0 � < y2 >
< xpx > � < ypy > < p2

x > < y2 > 0
0 < p2

y > < x2 > < xpx > � < ypy >
< p2

y > 0 < xpx > + < ypy > < p2
x >

�

���

where

We can solve the 
equations

normal
coordinate

physical 
coordinate

Need to estimate
px and py

using two BPMs
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���
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���

< x2 > = µ2 < u2 > +r2
4 < v2 > �2r2r4 < vpv > +r2

2 < p2
v >� µ2 < u2 >

< xpx > = µ2 < upu > �r1r2 < p2
v > +(r1r4 + r2r3) < vpv > �r3r4 < v2 >� µ2 < upu >

< p2
x > = µ2 < p2

u > +r2
3 < v2 > �2r1r3 < vpv > +r2

1 < p2
v >� µ2 < p2

u >

µ2 + (r1r4 � r2r3) = 1

Derivation of X-Y coupling

14
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< xy >
< xpx >
< xpy >
< pxpy >

�

��� = � 1
µ

�

�

���

r1

r2

r3

r4

�

���

� =

�

���

< x2 > < xpx > + < ypy > 0 � < y2 >
< xpx > � < ypy > < p2

x > < y2 > 0
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y > < x2 > < xpx > � < ypy >
< p2

y > 0 < xpx > + < ypy > < p2
x >

�

���

where

We can solve the 
equations

normal
coordinate

physical 
coordinate

Need to estimate
px and py

using two BPMs

•  A similar method is applicable to measurement of betatron phase advance. "
Y. Ohnishi, 19th KEKB Review	
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2.7 ± 0.3 pm 
(200 samples)"

1.1 ± 0.2 pm 
(200 samples)"

HER" LER"0 10 20 30 40 50 60 70 80 90 100

2

4

6

8

10

QCS misalignment [μm]

V
er

tic
al

 e
m

itt
an

ce
 [p

m
]

Target

 = 0
 = 1x10-4

 = 1x10-3

Figure 4: Vertical emittance after DFS correction, where
three different α parameters are assumed.

転でも経験的にも模索する必要があると考えられる。

4.4 リング全周にエラーが存在する場合
QCSの設置誤差に加え、全周の電磁石にエラーがあ

る場合に LETのシミュレーションを行った。シミュレー
ションで仮定した電磁石のエラーを Table 1に示す。シ
ミュレーションでは閉軌道に加え、x-y カップリング、
ベータ関数、水平分散関数の全てを補正する。これら
の光学関数は BPMにより測定したビーム閉軌道や二極
キックに対する軌道の応答を解析することで推定する。
推定した光学関数からで 3 .で述べた方法により、ノブ
の調整量を求める。応答行列Aとして、設計ラティス
の値を用いる。エラーはガウス分布するとし、個々のエ
ラーは無相関であるとする。但し、標準偏差の 3倍を超
えるエラーは計算から除外した。また、BPMの中心は
最寄りの四極電磁石の磁場中心と一致していると仮定
した。BPMの読み取り誤差は 2µm、回転誤差は 10mrad
である。KEKBでの実績値を考慮し、SVDの閾値とし
ては 10−2 を最小値として補正を行う。

Figure 5は LET後のエミッタンスの分布 (100サンプ
ル)を示す。垂直エミッタンスの平均値は 2.7pm、標準
偏差は 0.3pmであり、十分に目標範囲内 (εy < 6.6pm)
に収まっている。Figure 6は力学口径の平均値を示す。
光学補正によりOn-momentumの力学口径は回復してい
るが、Off-momentumに関しては設計値に比べて劣化が
見られる。全周の六極電磁石の調整することで、さらな
る改善の可能性はあると考えられる。しかしながら、も
はやビームは六極磁場の完全な中心を通っている訳では
ないため、六極磁場の強さを変えると、カップリングや
垂直分散などが発生してしまい、垂直エミッタンスが再
び悪化し得る。従って、力学口径とエミッタンスの両方
を指標にした補正アルゴリズムが必要であり、現在検討
中である。
力学口径劣化の原因を探るために実施したシミュレー

ションの一例を Fig. 7に示す。ここでは、それぞれのエ
ラーを個別に与えた場合の光学補正後の力学口径 (20サ
ンプル平均)を計算した。この図から、少なくとも今回
想定した種類のエラーの中では、周回部の四極電磁石

Table 1: Assumed Magnet Errors

σx = σy [µm] σθ [µrad] ∆K/K

Normal Quad 100 100 2.5 × 10−4

Sext 100 100 2.5 × 10−4

Bend 0 100 0
QCS 100 0 0

2 3 4 5 6 7
0
1
2
3
4
5
6
7
8
9

N
um

be
r o

f e
nt

rie
s

Vertical emittance [pm]

Design Target

Figure 5: Vertical emittance distribution after LET.

の回転設置誤差からの影響が大きいことが読み取れる。
これは、カップリングの乱れが力学口径縮小の主な原因
であることを示唆している。一方、同じくカップリング
源となる六極電磁石の垂直方向設置誤差に関しては、四
極の場合に比べて大きくはない。四極の 100µradの回
転と六極の 100µmの垂直オフセットを比較した場合、
SuperKEKBの設計では、六極の方が大きなカップリン
グ源になる。しかしながら、全ての六極電磁石には歪四
極巻き線によるカップリングのノブがある。従って、シ
ミュレーションで六極電磁石の垂直方向設置誤差のみを
考えた場合、今回想定した測定精度の範囲内ではエラー
を打ち消すことが出来る。一方、四極電磁石は六極電磁
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Figure 6: Dynamic aperture after LET.

Assumed errors"

•  Vertical emittance after LET is a few pm, which satisfy the 
required value for the target luminosity."

BPM	
  jitter	
  	
  	
  	
  	
  	
  	
  	
  :	
  2	
  µm	
  
BPM	
  tilt	
  :	
  10	
  mrad	
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Dynamic Aperture after LET	


•  On-momentum DA is recovered."
•  Off-momentum DA is not resumed."
•  Need off-momentum optics correction."

200 samples"
HER" LER"
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No Error" No Error"

Longitudinal"

Tr
an

sv
er

se
"



Measurement of chromatic X-Y coupling 

Example:  one-pass BPM at QC1LP

Measurement of X-Y coupling with rf-frequency shift (-0.1<δ<+0.1 %)

15

Δp/p0 Δp/p0

�r1

��
= �72.7

�r2

��
= 28.6

�r3

��
= �142.5

�r4

��
= 56.0
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Chromatic X-Y coupling Measurement	

Y. Ohnishi, 19th KEKB Review	


Measurement of chromatic X-Y coupling 

Example:  one-pass BPM at QC1LP

Measurement of X-Y coupling with rf-frequency shift (-0.1<δ<+0.1 %)

15

Δp/p0 Δp/p0

�r1

��
= �72.7

�r2

��
= 28.6

�r3

��
= �142.5

�r4

��
= 56.0



•  Available tuning knobs 
  - A normal sextupole coil installed in QCS 
  - Normal sxtupoles (54 families per ring) 
  - Skew sextupoles installed in QCS (2 per ring) 
  - Rotatable sextuplole (12 families in LER) 
  - Skew sextupole (12 families in HER)"

•  Unsolved Issues 
  - Beam dose not pass through the center of sextupole 
    magnets in general. 
    Change of those magnets also affects the on-momentum  
    optics, thus, emittance. 
  - Unfortunately, realistic procedure for tuning of  
    dynamic aperture with LET is still an open question."
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Correction of Chromaticity	

Rotatable sextupole magnet"



•  Construction of the main rings for Phase 1 commissioning is 
in the final stage. 
Commissioning of the main ring will start in JFY2015."

"
•  In parallel to the main ring construction, 

the linac construction and its commissioning are ongoing. "
"
•  Phase 1 commissioning  

 - Basic commissioning and low emittance tuning. 
 - Optics control based on KEKB is expected to work well."

•  Unresolved Issues for optics control after Phase 2. 
 - Realistic procedure for tuning nonlinear magnets."
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Summary	
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Thank you for your attention!	




Backup	
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Machine Parameters	


LER HER 
Energy (GeV) 4.0 7.00729 
Current (A) 3.6 2.6 
#of bunches 2500 2500 
βx

* (mm) 32 25 
βy

* (mm) 0.27 0.30 
εx

* (nm) 3.2 4.6 
εy

* (pm) 8.64 11.5 
σz

* (mm) 6 5 
νx , νy 44.53 , 46.57 45.53 , 43.57 
νs -0.0247 -0.0280 
ξy 0.0881 0.0807 

Luminosity (1035 cm-2 
s-1) 8 



d	
  

Collision Scheme 
Nano-Beam SuperKEKB 

Half crossing angle: φ	



2φ = 83mrad	



€ 

σ x
*

€ 

σ z

€ 

d =
σ x
*

φ

overlap region << bunch length 

€ 

βy
* ≥σ z

overlap region = bunch length 

€ 

βy
* ≥

σ x
*

φ
~ 6 mm � ~ 300 μm�

Y. Ohnishi et al.	


€ 

σ x
*

€ 

σ z  5-6 mm� 10-12 µm �
100-150 µm �

 6-7 mm�

Hourglass requirement 

Vertical beta function at IP can be squeezed to ~300μm. 
Need small horizontal beam size at IP.

　→ low emittance, small horizontal beta function at IP.	


KEKB head-on (crab crossing) 
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Magnet Installation around IP	


October,	
  2014	


June	
  2014	
 June	
  2014	


Normal	
  conduc1ng	
  magnets	
  in	
  the	
  IR	
  
have	
  been	
  installed	
  &	
  the	
  1st	
  round	
  of	
  
alignment	
  has	
  been	
  carried	
  out.	


Belle	
  II	
  
detector	


IP	


Electron	


Positron	
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3-BPM method	
Wire scaner	


Bunch length measurement 
with streak camera	


Quadrupole -scan	


Improved orbit display	


Commissioning Tool and Diagnostics System 	



