
M. SATOH/ KEK Linac Control Twelfth KEKB Accelerator Review Committee, Mar. 19-21, 2007

M. Satoh (M. Satoh (LinacLinac Control G.)Control G.)
for the Injector Upgrade (IUC) WG membersfor the Injector Upgrade (IUC) WG members

=== Injector Upgrade ====== Injector Upgrade ===
for Fast Beamfor Fast Beam--Mode SwitchMode Switch
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KEK Injector KEK Injector LinacLinac::
•• JJ--like shaped like shaped LinacLinac (600(600--mm--longlong ))

•• Injector for 4Injector for 4--rings:rings:

•• PF (2.5PF (2.5--GeV eGeV e--/ 0.1/ 0.1--nC) Once/ daynC) Once/ day

•• PFPF--AR (3AR (3--GeV eGeV e--/ 0.1/ 0.1--nC) Twice/ daynC) Twice/ day

•• KEKB HER (8KEKB HER (8--GeV eGeV e--/ 1/ 1--nC) CIMnC) CIM

•• KEKB LER (3.5KEKB LER (3.5--GeV e+/ 1GeV e+/ 1--nC) CIMnC) CIM
ee-- Gun (A1 Gun; for KEKB)Gun (A1 Gun; for KEKB)

ee-- Gun (CT Gun; for PF/ PFGun (CT Gun; for PF/ PF--ARAR））

#3 Switchyard#3 Switchyard
PFPF

KEKB/ KEKB/ ARAR
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Beam Operation Statistics of Linac
Continuous Injection Mode (CIM) 

since 2004
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KEKB Injection (CIM)

10 min.10 min.

•• Frequent Switch of Frequent Switch of LinacLinac BeamBeam--Mode:Mode:

KEKB eKEKB e--

CurrentCurrent

KEKB e+KEKB e+

CurrentCurrent
e+ injectione+ injection

30 s30 s

ee--injectioninjection

30 s30 s

10 s10 s

BeamBeam--Mode Switch (eMode Switch (e-- <=> e+): 30 s<=> e+): 30 s
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= Beam-Mode Switch =
Change magnetic field
Change timing
Insert/ Remove e+ target (e-/ e+)
Klystron mode (Acceleration/ Standby mode)

Klystron (Sub-Booster Klystron) phase
Etc.
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Consumed Time for Parameter Switch

0

1

2

3

4

5

6

7

8

9

10
 1

bu
nc

h
 b

ea
m

of
 b

s5
8o

n
 b

t2
kb

e
 b

ta
gl

d
 b

tfk
be

 b
tla

ns
 c

ho
n

 c
ho

pe
n

 e
cs

m
ax

 fp
di

v5
 fp

te
le

 g
dl

se
t

 g
ul

oa
d

 n
im

ss
6a

 p
ha

gl
d

 p
hl

sb
 sc

in
it

 sh
di

ff
 sp

ea
k

 sp
m

od
0

 sy
nc

kb
 td

ag
ld

 td
lo

ad
 tg

to
ut

 tg
to

ut
2

 tg
tin

 tm
lo

ad
 tm

lo
ad

 x
61

lo
ad

 fp
on

Item

Ti
m

e 
[s

]

e+ => e-
e- => e+

Magnet parameter

Pulsed coil
BPM-DAQ

Timing parameter

e+ taeget
insert/ remove



M. SATOH/ KEK Linac Control
Twelfth KEKB Accelerator Review Committee, 

Mar. 19-21, 2007

= Why need to Upgrade Injector = Why need to Upgrade Injector LinacLinac? =? =

•• PF ring needs TopPF ring needs Top--up Injection under KEKB CIM.up Injection under KEKB CIM.

•• PFPF--AR ring needs CIM for Machine Study.AR ring needs CIM for Machine Study.

•• Fast BeamFast Beam--Mode Switch scheme is strongly Mode Switch scheme is strongly 
required.  (Simultaneous Injection)required.  (Simultaneous Injection)

KEKB e- KEKB e- KEKB e+KEKB e+ PF e- KEKB e+PF-AR e- PF e-

20-ms (50-Hz) RF pulse cycle

BeamBeam--Mode SwitchMode Switch
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• Phase I, II, III
• Phase-I (completed): Construction of  New PF-BT line (bypass 

ECS)

• Save time for switching beam mode between KEKB and PF
5 min. 30 s => 2 min. 30 s5 min. 30 s => 2 min. 30 s
(KEKB mode => PF mode => PF injection => KEKB mode)(KEKB mode => PF mode => PF injection => KEKB mode)

=== Multi-Energy Linac Scheme ===
• Phase-II: Fast Beam-Mode Switch (KEKB e-, PF)

• Phase-III: Fast Beam-Mode Switch (KEKB e-/ e+, PF)

• (?): Fast Beam-Mode Switch (KEKB e-/ e+, PF. PF-AR)

= Injector Upgrade Plan == Injector Upgrade Plan =
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ECS is always ON. (KEKB e-/ e+ and PF modes) 
It shorten time for beam mode change. (KEKB PF)

ECS ON
PF mode

PF (2.5-GeV e-)

Beam dumpDC Bend (BM_58)

New PF-BT

Old PF-BT

PhasePhase--I I [Completed, Summer 2005][Completed, Summer 2005]

Present Present 
PFPF--BTBT

Past PFPast PF--BTBT

#3 #3 SwitchyardSwitchyard

ECSECS
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• Phase I, II, III
• Phase-I (completed): Construction of  New PF-BT line (bypass 

ECS) 

• Save time for switching beam mode between KEKB and PF 
5 min. 30 s => 2 min. 30 s5 min. 30 s => 2 min. 30 s
(KEKB mode => PF mode => PF injection => KEKB mode)(KEKB mode => PF mode => PF injection => KEKB mode)

=== Multi-Energy Linac Scheme ===
• Phase-II: Fast Beam-Mode Switch (KEKB e-, PF)

• Phase-III: Fast Beam-Mode Switch (KEKB e-/ e+, PF)

• (?) :  Fast Beam-Mode Switch (KEKB e-/ e+, PF, PF-AR)

= Injector= Injector Upgrade Plan Upgrade Plan ==
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= Fast Beam Mode Switch == Fast Beam Mode Switch =

•Fast change of the magnetic field is difficult by using current system.

••Magnetic FieldMagnetic Field：：

••Common Parameter (Common Parameter (QuadrupoleQuadrupole and Steering magnets)and Steering magnets)

•• Energy AdjustmentEnergy Adjustment：：

••Change SubChange Sub--Booster Klystron Phase quickly. Booster Klystron Phase quickly. 

（（LowLow--Level RF PhaseLevel RF Phase））

= Multi= Multi--Energy Linac Scheme =Energy Linac Scheme =
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Phase-II
Multi-Energy Linac Scheme
PF injection will be performed by A1-Gun.
DC bend (BM_58) will be replaced by pulsed bend.

ee-- Gun (A1 Gun; for KEKB and Gun (A1 Gun; for KEKB and PFPF))

ee-- Gun (CT Gun; for PFGun (CT Gun; for PF--ARAR））

#3 Switchyard#3 Switchyard

KEKB/ KEKB/ ARAR

PFPF

DC Bend ECS

= = Fast BeamFast Beam--Mode SwitchMode Switch (PF and KEKB e(PF and KEKB e--)  =)  =
PhasePhase--IIII
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= Pulsed Bend and Power Supply (Summer 2007) == Pulsed Bend and Power Supply (Summer 2007) =

•Bend

•Bending Angle： 7-deg. (3-GeV)

•Max. Field：1.2217-T

•Gap： 157 x 30 mm

•Ceramic chamber

•Ti coating (1-µm)

•PS

•Max. Current:

•32-kA (12.5-Hz),

•27-kA (25-Hz)

•Pulse Width: 200-us

•Stability: < 0.1%

M. Tawada, T. Mimashi, M. Kikuchi, et al.
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= Multi= Multi--Energy Energy LinacLinac Study =Study =
• “2.5-GeV” ・“8-GeV” e- beam: accelerated by common magnet parameter

2.5-GeV e- optics (for PF) 8-GeV e- optics (for KEKB e-)

・γεx = 3.6x10-4 m, γεy = 6x10-5 m ・γεx = 2.5x10-4 m, γεy = 4x10-5 m
Deceleration phase Y. Ohnishi, M. Kikuchi, N. Iida, et al.

• PF: 1.5 mA/s (25 Hz)

• KEKB e- : 4 mA/s (1-bunch/ 50 Hz)

• Noiselevel for Belle detector: No problem
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PF Injection Study using Multi-Energy Linac Scheme

PhasePhase--IIII

= PF / KEKB = PF / KEKB ee-- Injection Rate =Injection Rate =
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Crystal tungsten target
:φ5 mm

Hole: φ3 mm

view from upstream

4.5 mm

PhasePhase--IIIIII

Hole for e- bypass

primary e- for e+

e- beam (e- mode)

= = Fast BeamFast Beam--Mode SwitchMode Switch (PF, KEKB e(PF, KEKB e--/ / e+e+)  =)  =

For fast switch (eFor fast switch (e--/ e+ mode) :/ e+ mode) :
•• e+ target with a hole. e+ target with a hole. 
•• Fast control of eFast control of e-- beam orbitbeam orbit

by pulsed steering magnet.by pulsed steering magnet.
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X [mm]

Y [mm]

I [nC]

X [mm]

Y [mm]

I [nC]

w/o e+ target

(normal operation)

w/ e+ target

Passage rate of e- (target hole):  95%
2nd bunch: Not Easy

e+ target
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BPM-DAQ System Upgrade:
BPM-DAQ System should be upgraded to measure 
beam position up to 50-Hz.
Old System:

5-GSa/s, 8-bit, 1-GHz Analogue BW
GPIB control
DAQ performance: 1-Hz

New System:
10-GSa/s, 8-bit,  1-GHz Analogue BW
100-Mbps/ GbE Network
DAQ performance: Enough for 50-Hz
Thirteen systems have been installed.
Remaining old systems (8) will be replaced        
in this summer.

BPM DAQ system
(VME + Oscilloscope with GPIB)

New system
(Fast Win. Based-Oscilloscope)
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= Repetitive DAQ Performance == Repetitive DAQ Performance =
(Fast Digital Oscilloscope)(Fast Digital Oscilloscope)

M. Satoh, T.Suwada, et al.
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Result of 3-BPM Measurement
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M. Satoh, T.Suwada, et al.
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New Timing System (under test):
Timing system should 
control the complicated 
operation mode.
(after Phase-II/ III)
Event generator (EG) and 
Receiver (ER) based on 
VME-64x is under test.

A. Kazakov, K. Furukawa, et al.
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Scenario for PF-AR Injection:
PF-AR Top-up (6.5-GeV) needs large budget.

Current PF-AR BT: 3.1-GeV max.
Some part of BT is common between PF-AR and KEKB e-.

One solution: Use KEKB e+ (3.5-GeV) beam for PF-
AR injection.  It also needs large budget.

Need to replace some PS of bend (@AR-BT).
Need to replace Septum and Kicker PS
Need pulsed bend and PS
Cost estimation and design work will be done soon.
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=== Schedule ===
FY 2005 2006 2007 2007 2008 200X ?

Summer Summer Mar. Summer Summer

Beam
operation Phase-I Phase-II

TEST

PF Top-Up for
user

experiment

Simultanious
injection 4-rings

Phase-III
TEST (Phase-II/III)

Hardware New PF-BT
construction

New BPM-
DAQ

New BPM-
DAQ AR-BT Upgrade?

Pulsed Bend
TEST INSTALL

Pulsed Steering
TEST (e+

target bump)
INSTALL

Pulsed sterrgin
TEST (5-
Sector)

INSTALL

New Timing
System TEST INSTALL

Software

BPM
Software
for new

DAQ

Software for
New Timing

System

Operation
Software
Upgrade

TEST

TEST



M. SATOH/ KEK Linac Control
Twelfth KEKB Accelerator Review Committee, 

Mar. 19-21, 2007

=== Summary ====== Summary ===
KEKB injector linac upgrade project has started in 
the summer 2005 toward Fast Beam-Mode Switch.
(KEKB e-/ e+, PF e-, PF-AR e-).
Phase-I completed (New PF-BT line):

It can shorten time for beam mode switch (KEKB PF)
Phase-II, III 

Use “Multi-Energy Linac scheme”:
Use common magnetic field and fast change of rf phase.
Machine study result shows feasibility.
Machine study is going on.
Need to upgrade the operation software.

After complete upgrade, the linac beam operation will 
become more effective.


