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design

design

A new record was made by 
Crab Crossing: 1.96x1034cm-2s-1



The Best Day = 1.33 fb-1/day



Crab No Crab

Crab crossing has achieved higher luminosity with less beam currents, 
but the luminosity is still less than expected by simulations.



2007

No Crab

simulation

2008

design intensity

•In 2008, the beam 
lifetime was improved 
by modifying optics 
around CC, to reach the 
design intensity.

CRAB CROSSING

2009

•In 2009, skew sextupoles are installed to correct 
chromatic coupling at the IP to reach 1.96x1034 cm-2s-1

M. Masuzawa



Two Options for SuperKEKB

Possible with existing 
rf system at KEKB

A conservative choice:
does NOT assume 

Crab Waist

(half crossing angle)



“HIGH CURRENT SCHEME” OF KEKB UPGRADE

Also assumes                 .         



CSR REVISITED
- Coherent Synchrotron Radiation (CSR) in SuperKEKB has been 

studied by T. Agoh since 2004 as reported at KEKB Accelerator 
Review Committee.

-  An independent estimation was done in 2008, which takes  
realistic shape of the beam pipe and other impedances into 
account.

- Confirmed the results by T. Agoh.

- This is a heavy impact on the design parameters of SuperKEKB.

http://www-kekb.kek.jp/MAC/2005/ (2005)

http://www-kekb.kek.jp/MAC/2005/
http://www-kekb.kek.jp/MAC/2005/


a = 45 mm wake functions

a

CSR dominates all other wakes.

CSR (wiggler)
CSR (arc)

Resist. wall (TiN)



SuperLER, CSR+RW(TiN)+Gap+MMask+Bellows+ARES(Satoh)+BPM+SRM+PUMPS, rac = 45 mm, # of bends = 
150, Haissinski*1.6

Microwave instabilities: no stable state is reached.



ALL WAKES, INCL. WIGGLERS
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• A longer bunch length relaxes the instability.
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a = 45 mm
negative alpha

• a = 25 mm beam pipe is better but does 
not solve the problem.

• a = 45 mm with negative alpha may be the 
best choice

• No problem in the HER.



THE MINIMUM ACHIEVABLE BUNCH LENTH

zero bunch current design bunch current

LER σz 5 6 mm
LER

σε 7.1 8.0 10-4

LER
neg. alpha

σz 4.5 5.3 mmLER
neg. alpha σε 7.1 8.5 10-4

HER σz 3 3.6 mm
HER

σε 6.8 7.0 10-4

HER 
neg. alpha

σz 3 3.1 mmHER 
neg. alpha σε 6.8 7.7 10-4

for a = 45 mm beam pipe



DESIGN OF THE 
INTERACTION REGION

• Crab crossing needs a horizontal tune very close to a half integer (νx = 
0.503) to achieve the very high beam-beam parameter ξy = 0.3.

• Such a horizontal tune enhances the dynamic β and dynamic emittance 
effects to enlarge the bam size at the final quads by more than factor 10.

• No design of the IR has been technically found which is compatible with 
νx = 0.503 and βx* = 20 cm.

• Thus the parameters were relaxed to νx = 0.505 and βx* = 40 cm.



TRAVEL WAIST SCHEME
• Known technique for a linear collider (Balakin, et al).

• Move vertical waist backward along z.

• Two crab cavities, each sits in the middle of -I pair of sextupoles,  
are necessary for a ring.

• Very hard to accommodate them in the HER.

N. Walker



LER TRAVEL WAIST LATTICE

βx/y @ SX = 15/350 m 
βx @ crab = 50 m
Vcrab = 1.56 MV

Sext - crab - Sext
Sext - Sext = -I’
K2 = -1.846 m-2

IP - crab
νX 11.25
νY 10.0

IP - crab
νX 11.25
νY 11.5

Sext - crab - Sext
Sext - Sext = -I’
K2 = -1.846 m-2

Sextupoles are not strong.



LER DYNAMIC APERTURE WITH 
TRAVEL WAIST

RF ON
Crab OFF, OFF, ON

sext thickness:　0.334 m
K2= 0, +-1.846

Acceptance
Ax = 7.5e-6 m
Ay = 1.2e-6 m
Δp/p = 0.003

The aperture shrinks, but still acceptable.



HOW MUCH IS THE IMPACT 
ON THE LUMINOSITY?

No technical solution has been found yet.

* All luminosities assume that Crab Crossing works perfectly.



PROGRESS IN THE NANO-BEAM SCHEME

• Lattice: solutions exist, preserving the present tunnel.

• Optimization of dynamic aperture is going on.

• IR: large crossing, independent quads for both beams.

• LER emittance must be higher than 2.5 nm @ 3.5 GeV, 
considering intra-beam scattering.

• Electron cloud mitigation has been studied at KEKB. Results 
from CesrTA will be also important.

• Design of e+ damping ring has been done.



Low emittance positrons to inject 

e- 2.1 A

e+ 3.7 A

x40 Gain in Luminosity

Low emittance gun

Nano-Beam
SuperKEKB

Redesign the HER arcs to squeeze 
the emitance.

New Superconducting / 
permanent final focusing 
quads near the IP

Colliding bunches

Low emittance electrons to inject New positron target / capture section

Replace long TRISTAN 
dipoles with shorter ones 
(HER).

TiN coated beam pipe with 
antechambers

Add / modify rf systems
for higher currents.



 

L bend = 4.0 m

εx = 6.8 nm

IP IP

QCS   QC1        QC2

LER Nano-Beam Lattice
LER arc cell

L bend = 0.9 m

εx = 2.2 nm
• The arc cell lattice of the KEKB LER (left) can be modified to the low-emittance version 

(right), by weakening the magnetic field of the dipoles.

• No need for changing other components, beam pipes, geometry.

• The HER’s emittance is reduced by replacing the arc cells.

Preliminary



Nano-Beam IR Design: 
Fitting into existing tunnel

A. Morita

tunnel wall

New LER

IP

Preliminary



2C=3016.2998 m (+38 mm from KEKB‐HER)

BX/BY = 30/0.2 mm
EX = 1.83 nm
AP = 1.87x10‐4

Energy spread = 6.6x10‐4

U0 = 3.4 MeV
σz = 4.4 mm @ 10MV
νs = ‐0.0117 

Nano-HER Y. Ohnishi

Preliminary



5uc =1.24 keV uc =1.24 keV

QCSL/R (IPside） D1=1.4 m
QC2LE(IPside）  D2=2.48 m
QC2RE(IPside）  D２=3.42m

BX/BY = 30 mm/0.2 mm

QC2RE    19.49 T/m
QCSRDE 46.86 T/m
QCSLDE  50.63 T/m
QC2LE       6.98 T/m

2Jx=5x10‐7 m / 2Jy=2x10‐8 m

HER IR Y. Ohnishi

Preliminary



IR Design: Large crossing angle & independent quads
Preliminary

N. Ohuchi



Main Coil    Two layers 
  Inner radius (front/rear end)   15.3 mm/16.97 mm 
  Outer radius (front/rear end)   17.3 mm/18.97 mm 
  Turn number/pole 16
Shield Coil   One layer 
  Inner radius (front/rear end)   26.2 mm/29.05 mm 
  Outer radius (front/rear end)   27.2 mm/30.05 mm 
  Turn number/pole  6
 Magnet as QC1RP    
  S.C. cable / cable size    NbTi/1mm×1mm 
  S.C. cable Cu ratio  1.2
  Operation current    1288.6A  
  Field gradient (front/rear end)    88.35 T/m/72.95 T/m 
  Effective magnetic length   0.2238 m 
  Maximum field in the coil   1.43 T 
  Operation temperature   4.4 K 

Figure 2:  Cross sec^on of QC1RP in the front end
                  Ac^ve shield quadrupole (corn type)

Table:  Magnet parameters for QC1RP

N. Ohuchi

Design of superconduc^ng final quad for Nano‐LER

Preliminary



Clearing electrode
 New strip-line type electrode was developed.
 Very thin electrode and insulator;

– Insulator: ~0.2 mm, Al2O3, by thermal spray.
– Electrode: ~0.1 mm, Tungsten, by thermal spray.

 Low beam impedance, high thermal conductivity
– Input power ~ 100 W

2009/4/19 TILC09, Tsukuba 10

Stainless steel

Tungsten
Al2O3

40
 m

m

440 mm

Feed through

Y. Suetsugu, H. Fukuma, M. Pivi and L. Wang
NIM‐PR‐A, 598 (2008) 372

Y. Suetsugu



Clearing electrode
 The electrode and an electron monitor were set 

face to face in a test chamber.

2009/4/19 TILC09, Tsukuba 11

R47

Beam

5

[Electrode]

[Monitor]

M
ag

ne
tic

 f
ie

ld

Al-alloy 
chamber
(Not coated)

Cooling water

Monitor

Electrode

Inside view

Electron monitor with RFA
and 7 strips to measure
spatial distribution

• Applied voltage
    Collectors: +100V
    Retarding Grid: 0 ~ -1 kV
• Measurement: DC mode

Y. Suetsugu



Clearing electrode
 Effect of electrode voltage (Velec)

– Smooth decrease in density for positive Velec

TILC09, Tsukuba 17

Electron density decreased to 
1/10 at Velec = + 100 ~ 200 V, 1/100 at Velec = + ~ 500 V

Vr = -1 kV

~1x1012 e-/m3

??
1585 bunches
(Bs ~ 6 ns)
~1600 mA

[Log scale] Different bunch filling patterns[Log scale]

– Effective for various bunch filling patterns

Y. Suetsugu



Groove
 The experiment was carried out under 

collaboration with SLAC (M. Pivi and L. Wang)
 EC was measured at the same condition to that for 

clearing electrode.
– The same experimental setup used in the case of electrode

2009/4/19 TILC09, Tsukuba 21

Wiggler magnets
B = 0.77 T

R47

Beam

[Groove]

[Monitor]

M
ag

ne
tic
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ie

ld

Y. Suetsugu, H. Fukuma, M. Pivi and L. Wang
To be published in NIM‐PR‐A

Y. Suetsugu



Groove
 Triangular-type groove structure, with TiN coating
 Compared with the data for a flat surface (TiN) and 

clearing electrode (W)

2009/4/19 TILC09, Tsukuba 22

Designed and 
manufactured  
in SLAC

Y. Suetsugu



Groove
 Electron density for the groove was lower than that 

for the flat surface by ~ one order. 

2009/4/19 TILC09, Tsukuba 24

Vr = 0 kV

Preliminary result
1585 bunches
(Bs ~ 6 ns)
~1600 mA[Log scale]

Integrated Beam Current [mA h]

Vr = 0 kV

Integrated Electron Current [mA h]

 Aging was still proceeding, if plotted by electron 
dose (integrated electron current).

Y. Suetsugu



1 GeV e+ Damping Ring
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M. Kikuchi

Linac

Circ. = 132 m



Construction Schedule (preliminary) K. Akai

JFY2009 2010 2011 2012 2013 2014
Japanese government has allocated ∼27 M$ for R&D of SuperKEKB, as a part of stimulative package.

Damping Ring

Collider Rings

Linac Beam Operation



SUMMARY
• The High-Current Scheme for upgrading KEKB has a few 

issues which are not easy to be conquered: CSR, IR design, 
high ξy with crab crossing, and construction/operation costs 
for high current.

• Mitigation such as Travel Waist may work, but also introduces 
more complexity.

• More attention has been paid for the Nano-Beam Scheme, 
and the design work is on going in that direction.

• KEKB needs collaboration with accelerator scientists in the 
world for the success of the challenging project.


