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Two machine options

High current (LER/HER) Nano-beam(LER/HER)
Beam current I (A) High current : 9.4/4.1 ~3/~2
Bunch length σz (mm) Short bunch length : 5/3 6/6
Emittance εx (nm) 24/18 Low emittance : 1/1
βy (nm) 3/6 Small β : 0.22/0.22
Beam size σy 0.85/0.73 (µm) Small beam size : 34/44 (nm)

Final Q-magnet layout
- Common QCS for 2 beams
- location 40cm (L) / 65cm (R)

Little space in L side

Two separate Q-magnets 
for each 2 beams

Little space in both L/R sides 

High-current option  … SR BG & HOM heating
Nano-beam option    … IR assembly & support
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Final Q layout & beam-pipe
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High-current option
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Nano-beam option

QCS QCS

Common QCS for 2 beams Two-separate Q-magnets for each 2 beams

Beam pipe Beam pipe

To connect with the separate Q magnets
the IP beam pipe has branch structures

(crotch structures)



IR session on 07/07
8 talks in the session





Vibration measurements (IP)
M. Masuzawa (KEK)



Vibration measurements
M. Masuzawa

(KEK)

Amplitude of  8Hz peak  ~0.3µm(X)  ~0.1µm(V)
Comparing with the colliding beam sizes, these amplitudes are

small (at KEKB)       
not small (at Super-KEKB)



Vibration measurements
M. Masuzawa

(KEK)

We still have the ~8Hz peak around QCS magnets
Due to the support table boat vibration



Vibration measurements
M. Masuzawa (KEK)

Plan for Super-KEKB 
1) Feed-back system 

(attach Beam Position Monitors to the IP-beam pipe)
2) R&D of the supporting structure  / QCS boat





Beam Optics design A.Morita
(KEK)



Relationship between Belle-II and 
Super-KEKB: Nano-beam

Crossing angle : 60mrad e- Super-KEKB
HER(e-) axis

e+ Super KEKB 
LER(e+) axis

Belle solenoid7.45mrad

HER

LER

60mrad

Beam pipe : parallel to HER? LER? Belle solenoid? Or??
 depends on the SR BG   depends on the beam optics

Parameters are not fixed yet
- Optics is updated every 1-2 weeks      - Rotate Belle-II?!





QCS design
N. Ohuchi (KEK)



QCS design
N. Ohuchi (KEK)

To avoid HOM trap, IP beam-pipe radius < QCS radius
 IP beam-pipe Inner radius = 10.5mm 



QCS design N. Ohuchi (KEK)





IP-beam pipe design
K. Kanazawa (KEK)

For feed back



IP-beam pipe design
K. Kanazawa (KEK)



IP-beam pipe design
K. Kanazawa (KEK)

Beam pipe parallel to Belle solenoid (~ LER axis) to avoid SR BG
 But the optics assumed for this design is already obsolete…



HOM loss calculation
of IP chamber

Nakano Hiroshi
7-Jul-2009

(presented by Hitoshi Yamamoto)
Thanks to Tetsuo Abe and other experts



HOM calculation

GdfidL: 3D field calculation tool

Options
•Two modes

•Grid moves with bunch (window wake = yes)
•Grid fixed to lab (window wake = no)

•Symmtries
•1/2,1/4 etc.

•Mesh sizes

H. Yamamoto (Tohoku)



HER

HER

LER

LER

New geometries

Type-1

Type-2

color: center of pipe

dashed: beam trajectory

IP

IP

All pipes have 10mm radius.
Crossing angle of the beams is 60mrad.

before
IP

HER

LER

r = 15mm

r = 10mm

H. Yamamoto (Tohoku)



a

b

100     480  7.0

100 580  7.0

100     680  7.0

150     480  5.5

150     580  5.5

150     680  5.5

c

a b c loss factor
0.68
0.66

0.77

0.82

0.90

0.82

*mesh size = 0.2mm,  1/2 model

Type-1

Loss factor -> 1.2 * 10^-3[V/pC] ( in case of mesh size = 0.08mm) 

36~48W (HER+LER)

64W

Check with finer mesh

HER

LER

H. Yamamoto (Tohoku)



Type-2

a’

b’

c
86 480 7.3

165    480     5.0

84 680 7.5

165  680    5.0

a’ b’ c loss factor
1.9 / 2.3

2.4 / 2.1
1.8 / 2.4

2.1 / 2.2

*mesh size = 0.13mm,  1/2 model

HER / LER

115~119W (HER+LER)

Loss factor -> 2.1 / 2.4 * 10^-3[V/pC] ( in case of mesh size = 0.08mm)
124W

Check with finer mesh 

HER

LER

H. Yamamoto (Tohoku)



Summary

• GdfidL gives stable(reliable) results
– Within 10~20%
– For different calculation modes, use of symmetries, length 

of wake calculation, mesh size, etc. 

• Crossing beam pipe designs for nano beam option have been 
evaluated for HOM
- HOM loss is of order 50W~100W
- Larger for larger crossing angles

H. Yamamoto (Tohoku)

If the crossing angle is small enough, 
no problem to use the crotch structure beam pipe



Detector BG



Detector BG
High current option Nano-beam option

SR (upstream) Much higher
Large beam size at Q 

Very high current

Lower? Higher? 
Small beam size at Q  

But large bending magnet
SR (back-scatter) Higher

Strong QCS B-field
Much lower

No QCS bending
Radiative-BhaBha Higher

Larger crossing angle 
Strong QCS B-field

Much lower
Large crossing angle, 
but no QCS bending

Touschek Higher?
Small beam size

Much higher?
Very small beam size

Beam-gas Higher
Very high current

Higher?
High current

HER
beam

LER
beam

HER
beam

LER
beam

QCS QCS
High-current Nano-beam



Detector BG study
-To design the beam pipe, SR BG estimation is important 

SR mask / beam-pipe geometry design 

We estimate the SR BG first 
-Other BG sources will be studied later 

Touschek, Beam-gas, radiative BhaBha, …

-For the BG studies, we construct 
the beam-line simulation based GEANT4

developed by K.Tanabe and T.Abe of U.Tokyo
B-field of magnets + (Simple beam pipe + 1st layer SVD )

The number of particles in a bunch (Nano-beam option)
HER : 2.7A / (1.6*10-19)/(100kHz)/3450  = 0.5 *1011

LER : 4.6A / (1.6*10-19)/(100kHz)/3450  = 1.0 *1011



Be + Au part 
L160mm  (φ20)

HER

LER

Cu+ Au
(φ20)

Cu + Au
(φ20)

100mm

10W

30W

5W

80W

Nano-beam option

Preliminary
E deposit strongly depends on the beam-pipe geometry & optics 

SR E deposit to the beam pipe

The optics assumed for this design is already obsolete…



Radiative-BhaBha simulation
C. Ng (Tokyo)



Statistics are still limited, 
but 2 hits seen from high energy electron
(none from low energy positron)

Radiative-BhaBha simulation
C. Ng (Tokyo)



1. We just start Nano-beam option SR simulation
- Nano-beam SR energy(HER) ~ 1/10 SR energy(High-current) 
- Nano-beam SR energy(LER) ~ SR energy(High-current) 
- Need to design and implement beam-pipe structure
- If we place beam-pipe parallel to LER

E deposit (to the Be part) ~ 5W  very low
(but the optics we used was already obsolete..)

- We need further SR BG study

2. We also start the radiative BhaBha simulation
So far only high energy hits to the ECL (No hits from low energy positron)
Need further study (We don’t have enough statistics yet) 

2. We need to start Touschek / beam-gas BG study

Detector BG summary 33



IR assembly R&D
Problem

QCS beam pipe and QCS cryostat will be integrated
 SVD/PXD/IP-beampipe

should be directly connected with QCS cryostat

How to connect
1. Remote-controlled vacuum fitting
2. “TAIKO” chamber

3. All components (SVD/PXD/beampipe/QCS) are integrated



T.Kohriki (2009/07/07 version)

Parameters are not fixed yet    



All integrated??

Original drawing: R. Sugahara

There are huge components related to the superconducting magnets..



IR assembly : current status
Members:

KEK  T.Kohriki +  Machine shop

Strategy:
1. R&D of remote-controlled vacuum fitting (~ 0.5 year)

If  this method seems technically impossible

2. “TAIKO” chamber (~0.5 year)
If  this method seems technically impossible

3. All components are integrated

- In case, Belle should support QCS near the IP,  
TAIKO chamber might be the good candidate



FY2009 FY2010 FY2011 FY2012 FY2013 FY2014

Schedule

PXD / SVD mounting (6M)

（Beam run with dummy beam pipe）

Detector roll in / Connection with QCS
(2-3M)

IP beam pipe design (1.5-
1.75Y)

Physics run？

R&D of IR assembly (1.5Y)

Decision of the accelerator 
baseline option First beam

IP beam pipe fabrication 
(1.5+0.5Y)

BG simulation,  HOM  calculation
cooling system,  support, …



1. Vibration around IP ~8Hz   ~0.4µm amplitude 
due to the QCS boat vibration

 Feed back system / R&D of the supporting structure
2. Beam-line design
 Relation btw Belle-II and Super-KEKB? (Rotate Belle-II?)

3. Beam-pipe geometry
- Inner radius = 10.5mm ( = QCS inner radius)
- beam-pipe direction to prevent the direct SR hits

 Depends on the beam optics (not yet decided)
- BPM will be attached to the beam pipe

4. Further BG simulations are needed
5. We just start the IP assembly R&D   

Summary 39



Backup



TAIKO chamber

CDC

PXD/SVD + IP beam pipe

S.Uno / T.Kohriki



TAIKO chamber

CDC

TAIKO chamber

S.Uno / T.Kohriki



TAIKO chamber

CDC

TAIKO chamber

Cryostat

S.Uno / T.Kohriki



TAIKO chamber

Vacuum sealRF contact

CDC

S.Uno / T.Kohriki



RF contact 
By Y. Suetsugu



HER beam-line simulation

HER beam

e+
e-
γ

QC2L

QCSR

QC3L

QC2R

QC3R

Nano-beam option

QCSL

B0S

B0SM





HER upstream SR @IP
5σ beam

Z-position(cm)

50 keV
10 keV

(Vertical scale: Scaled for 1-bunch beam) Energy(MeV)

Nano-beam option

x106

Nano-beam HER SR energy ~ 1/10 High-current SR

SR (reached to the IP) 
production position

SR energy (at IP)



HER beam-line simulation

HER beam

e+
e-
γ

QC2L
QCSR

QC3L

Nano-beam option

QCSL

B0SM

SVD

Beam pipe 
(Parallel to HER
R = 10.5mm )




5σ beam

Z-position(cm)

50 keV
5 keV

(Vertical scale: Scaled for 1-bunch beam) Energy(MeV)

Nano-beam option
x106

HER upstream SR @IP
SR (reached to the IP) 
production position

SR energy (at IP)



LER beam-line simulation

LER beam

e+
e-
γ

QC2L

QC1R

QC3L

QC2R

QC3R

Nano-beam option

QC1L

BL0

BL1





LER upstream SR @IP
5σ beam

Z-position(cm)

50 keV5 keV

(Vertical scale: Scaled for 1-bunch beam) Energy(MeV)

Nano-beam option

Nano-beam LER SR energy ~ High-current LER SR

SR (reached to the IP) 
production position

SR energy (at IP)



LER beam-line simulation

e+
e-
γ

Nano-beam option

SVD

Beam pipe 
(Parallel to LER
R = 10.5mm )

LER beam

QC2L
QC1R

QC2R

QC3R
QC1L

BL0




5σ beam

Z-position(cm)

50 keV
3 keV

(Vertical scale: Scaled for 1-bunch beam) Energy(MeV)

Nano-beam option

x106

LER upstream SR @IP
SR (reached to the IP) 
production position

SR energy (at IP)



Super-KEKB beam line design
One of constraints is tunnel geometry.
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