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e- G
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Accl. structures

T
otal Energy gain potentiality

e- to H
ER:

(1
6
0
 M
eV

/unit)×
(5
5
 accl. units) =

 8
8
0
0
 M
eV

e+
 to LER:

(1
6
0
 M
eV

/unit)×
(2
9
 accl. units) =

 4
6
4
0
 M
eV

e- to T
arget:

(1
6
0
 M
eV

/unit)×
(2
6
 accl. units) =

 4
1
6
0
 M
eV

A
cceleration field

2
1
 M
V
/m

A
ccl. structure length

1
.9
2
8
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#
 of A

ccl. structures
4
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1
6
0
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(1
.1
)  Injector Linac Perform

ance

Electron (e-)
Positron (e+

)
 

 B
eam

 Energy 
8
.0
 G
eV

3
.5
 G
eV

C
harge 

1
.0
 nC

/pulse
0
.6
  (1

.2
) nC

/pulse           

Em
ittance 

0
.8
×
1
0

-3 m
2
.5
×
1
0

-3 m

Energy spread
 (full w

idth)
0
.2
 %

0
.5
 %

  Injection rate 
3
.0
 m

A
/sec

1
.5
  (3

.0
) m

A
/sec

   

(for double-bunch inj.)



 T
ypical D

aily Run Status 



e- 

Injec-

tion

e+
 Injection

M
ode Sw

itching

Physics ->
 Injection

(B
elle status &

 Ring T
unes)

M
ode Sw

itching

Injection ->
 Physics

(B
elle status &

 Ring T
unes)

Linac M
ode

 Sw
itching

Injection interval  8
0
 ̃
 9
0
 m

in.
T
otal D

eadtim
e 

for Injection 

  1
2
 ̃
 1
3
 m

in.

 T
ypical T

opup Injection 



(1
.2
)  D

ouble-B
unch Injection

M
ost of the injection tim

e is spent for positrons !

->
 Increase positron intensity !

H
ow

 ?

(1
) Increase prim

ary electron charge ?

->
 present 1

0
 nC

/bunch is already lim
ited by W

ake effect

(2
) Increase positron collection efficiency

->
 expensive !

(3
) Increase num

ber of the bunches ?

->
 C
onstraint from

 frequencies of Linac and Ring, 

M
axim

um
 T
w
o B

unches but possible



 D
ouble B

unch Injection 

Prim
ary Electron

Positron

Linac
T
ransfer Line

X-positionY-positionIntensity

1
-st bunch

2
-nd bunch

Positron Intensity is doubled !



 D
ouble B

unch Injection 

Injection Rate is doubled ! ->
 Shorter Injection T

im
e

Single-B
unch Injection M

ode
D
ouble-B

unch Injection M
ode



(1
.3
)  C

ontinuous Injection

D
egradation of Lum

inosity by gradual beam
 loss 

(Lifetim
e : (e-) ̃

 3
0
0
 m

in, (e+
) ̃

 1
5
0
 m

in)

->
 K
eep Peak lum

inosity !

H
ow

 ?

C
ontinuous beam

 injection w
hile keeping the detectors turned on

->
 detectors trip-off by beam

 background ???

->
 anyw

ay, check the detectors tolerance 

to injection backgound !



 C
ontinuous Injection Study 

Positron current kept constant B
y C

ontinuous Injection !
N
o D

etectors trip-off !





Injector U
pgrade

for SuperK
EK

B
(1
0

3
5 Lum

inosity m
achine)

N
ot Yet an established Project,  

Still in a feasibility Study Stage



K
EK

B
SuperK

EK
B

 B
eam

 Energy (e-)
8
.0
 G
eV

        ----->
3
.5
 G
eV

                       (e+
)

3
.5
 G
eV

        ----->
8
.0
 G
eV

 !! 

N
EED

 Energy upgrade for e+
 !

M
ay 2

0
0
2     K

EK
B
 design

SuperK
EK

B

Stored current (e-)
0
.9
 A
   --->

  1
.1
 A
  --->

  9
.4
 A
 !!

                          (e+
)

1
.4
 A
   --->

  2
.6
 A
  --->

    4
.1
 A
 !!

          

N
EED

 Intensity upgrade for e-/e+
 !

U
pgrade requirem

ents to Injector



(2
.1
)  Intensity U

pgrade

e- Intensity increase
3
.0
 m

A
/sec   -->

   1
5
.0
 m

A
/sec

(1
 nC

/pulse)                    (5
 nC

/pulse)

already 1
0
 nC

 e- beam
 is used as prim

ary

* B
eam

 quality issue due to W
ake field

e+
 Intensity increase

1
.5
 m

A
/sec   -->

   3
.0
 m

A
/sec   

(0
.6
 nC

/pulse)                 (1
.2
 nC

/pulse)     

e+
 capture section upgrade

W
ith stronger focusing solenoid

  (flux concentrator?)



(2
.2
)  H

igh G
radient Schem

e

T
o raise e+

 B
eam

 energy ; 3
.5
 ->

 8
.0
 G
eV

,

A
cceleration Field gradient w

ill be doubled 

by using C
-band (5

7
1
2
 M
H
z) com

ponents.



A
B

HER
1

2
3

4
5

C

e- 
G

un
Dam

ping
Ring

1.7-G
eV

J-arc for e–

LER

e+ target

E(e–)=3.5 G
eV, 

Q
(e–)=10 nC

    to target
Q

(e–)=5 nC
    for Injection

E(e+)=1.0 G
eV

E(e–)=3.5G
eV, 

Q
(e–)=5 nC

E(e+)=8.0 G
eV, 

Q
(e+)=1.2 nC

Q
(e+)=1.2nC

 N
ew

 C
-band units

2
4
 accl. units are Replaced to C

-band 
(Eacc =

 2
1
 ->

 4
2
 M
V
/m

)
(Egain =

 1
6
0
 ->

 3
2
0
 M
eV

/unit)
(m

ax. e+
 total Egain =

 4
6
4
0
 ->

 8
6
4
0
 M
eV

)
e+

 D
am

ping Ring for sm
aller em

ittance and beam
 size

to fit for sm
aller aperture in C

-band accl. structures



C
-band C

om
ponents

* K
lystron

->
 T
oshiba 5

0
 M
W
 klystron available

* Pulse M
odulator

->
 C
om

pact M
odulator 

* RF-pulse com
pressor

->
 T
E0

3
8
 cavity (LIPS-type)

* A
ccelerating structure

->
 2

p/3
-m

ode travelling-w
ave type



(2
.3
)  Re-circulation Schem

e

T
o accelerate e+

 to 8
.0
 G
eV

,

T
hey are re-circulated to upstream

 and are 

accelerated in the linac tw
ice.



A
B

HER
1

2
3

4
5

C

e- 
G

un
Dam

ping
Ring

LER

e+ target

E(e–)=3.5 G
eV, 

Q
(e–)=10 nC

    to target
Q

(e–)=5 nC
    for Injection

E(e+)=1.0 G
eV

E(e–)=3.5G
eV, 

Q
(e–)=5 nC

E(e+)=8.0 G
eV, 

Q
(e+)=1.2 nC

Q
(e+)=1.2nC

N
o significant U

pgrade in RF sources &
 acclerating structures

e+
 D
am

ping Ring for synchronization to next RF pulse

1.5-G
eV

J-arc1 for e–
J-arc2 for e+

e+
 beam

 return line, 2
nd J-arc for e+

, target-bypass beam
 line

-->
 M
ulti-B

eam
 acceleration in sam

e RF pulse
(prim

ary e- and e+
) (high E e+

 and low
 E e+

)



low
E(0.4 GeV

) e+
2
-1
 unit

2
-2
 unit

2
-3
 unit

2
-4
 unit

2
-6
 unit

highE(3.5 GeV
) e+

e+
 target

B
end

B
end

B
end

K
icker

3.5 GeV e-  for  LER

e-  beam
 for 

e+ 
generation

For the sim
ultaneous acceleration of 

e- and e+
 beam

 and 

low
 Energy e+

 and high Energy e+
 beam

s

   com
plicated transport line is 

necessary.


