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SHBI of 114MHz,
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Beam induced field in SHB1

114MHz RF & induced fields by a single pulse beam of 10nC are shown
(1) just after the beam passed (2) after 96.2ns.

Field attenuation is not sufficient
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SHB2 of 571MHz
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Prebuncher and buncher of pre-injector A
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Simulation by PARMELA
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An example of PARMELA

200KV, 3A, 1 ns
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200 kV, 3A, 2 ns

An example of PARMELA
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An example of PARMELA
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Bunch structure measured with a streak camera

Untitled

Single bunch procedure

— Control the Streak C
U-Sweep Range

MCP Gain
Mark 1= 632933rs 96 ent Dalcy '“
R il 1. Turn off SHB1&2 power source, or delay rf

— Inpu Inpll

AREA -

pulse timings not to affect the beam.

SHB1 off
SHB2 off

i | 2. Adjust the beam timing by changing the
. time delay of a grid pulser so that the

e o central bunch peak becomes maximum.

Untitled

L2 3. Turn on only the SHB1 power source, or
return the rf timing for modulating the

U= Sw ep
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ol 8 1 iy |&="=en 4. Adjustthe SHB1-rf phase so that the
| B center bunch becomes the highest peak

and maximum.

Untitled

5. Turn on the SHB2-rf power source, or

Live Time :.} (10 Jpuise
Accum.Time  [@] 10 |puise

— -:s;:":::;'@“m"-— return the rf timing for modulating the
a5 _;L" beam.
R i — 6. Adjust the SHB1-rf phase so that the
SHB1 on O 6revity Integ. [ Trig.Single

SHBZ on - center bunch becomes maximum and

Image JsTntul
<« Condition >

== satellite bunches become minimum.




Positron Linac/BT Orbit
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KEKBEFFMDAT unit

Bunching System REFHABERT—av




SKBIZR]TT=—BZ TSLEERTDAL unit




Al11=vwkdD "1%52 (20154E38)

FFEHPDORF GunD/ Ay 7vTELT, ‘
DIZEF . SKBOTzAX1ITHA %o

AP E T H D A ST A& Z AR
MEETIN—TEEFHI IL—TEHiHIZ. B TIEH, (2015%3A)

3 e BRHE EH—E o
TE T, | HHHHH Heams-g ] 18
A 1. LA T 2o
Bunching System & #EF#
Buncher,Prebuncher,SHB2,SHB1

N ——— R Z N v 0 = HH e —
= = 2\ = i m HEL £ ‘ P 2 920mm

== 55T = ; e ]l Le

}A R B PV BV TR R AT T R i el AL I TR I T I S e 0, THC———R——  ES———————— ﬁ_ a o Zemey ol | E . = :"E

et @ 3 s = o= =

£ |

| 5 W

RF-GUN

AMIAZYrDBEROAA—CR (BIER)



ﬂﬂ!lﬂl;%ﬁ\

unit layout

|
AC AT 2 |

SX/SY_AT_21 \

D Steering

@ Screen monitor
@ Beam Position monitor

BU_AT (buncher)

IV 9d

N

syounq-21d)

7

(

o [
v GRRE) s
5

IV AS/XS
09 IV AS/XS

1T

L Ulsxysy_ar_ga

:mme\%ﬁ 78
\ 7N

. /
T 11 [£1245.00000

7 7

1243.00000 0 "1508.00000
| s74.oqg 0 % ’
[ (a:655) ] / y
L L N\amian SRS/
100.00000: s
L L ) e,
’/ / / \
SR— \\
00 182000000 2320.00000 1365.00000 1365.00000 1365.00000 720.40000 _ 124300000 124500000 1508.00000 1094.00000
360.00(360.00000 \
2496.00000 4475.00000 \ o e

7.00000  1750.00000




BOEE DAL unit




INTE DAL unit

Bunching System REFH




PB+B+Acc1,2 power-phase tuning
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Tolerance of the Pre-injector Parameter

Tolerance range

Instruments
Gun beam timing +45 ps
Gun high voltage +0.38 %
SHB1phase +1.1 deg
SHB2 phase +1.3 deg
+1.7 deg

Buncher phase

 The e*/e- beam 1s a single bunch of which width in 10ps (FWHM).

* The each tolerance range i1s defined so that when each instrument

changes the transmission rate of the primary electron beam intensity

maintains more than 90% of the maximum value at the positron

production target.




Al Klystron
~50MW, no SLED

ATT/Phase Shifters with
' Streak Camera /Variable Dividing Ratio
I'_'H'_Zl P Shiokd simtie
~24MW 2mw|  |~mw A
GUN
200kV, 20nC
4——4——0/""—( -
Awelemtor Sect!ons Bung] PL SHEBZ Sﬂhl “ Profile
Anﬂlyzef Chlcane+Sht STIMHz 114MHz Monitor
Beam Energy~70MeV
* Element * Repetition or .- *Voltage or
* Frequency * period *Power

* Grid pulser +1~50 Hz .- *450~800 V
*Gun +50 Hz .- +200 kV
-25tt SHB1 (standing wave) +114 MHz +8.75 ns *11 kW
-5th SHB2 (standing wave) 571 MHz 1.75 ns -7TkW
* Prebuncher (travelling wave) + 2856 MHz *350 ps 1 MW
* Buncher (travelling wave) + 2856 MHz *350 ps +23 MW
- Accelerating sections (travelling wave) - 2856 MHz *350 ps *12 MW x 2
* Common frequency of linac/KEKB rings +10.385 MHz +96.289 ns .-




Gun parameters

Beam current 0~15A Heater power 40 W

Grid pulse -300 ~-700 V | Cathode 950° C
temperature

Bias voltage +150 ~+300 V | Acceleration 200 kV
voltage

Grid/cathode 180 pm Gun pulse 4 ps

distance duration

Beam duration 1 ns Residual gas 1x107Pa
pressure

Beam time jitter 8 ps ML magnetic field ~900 G




Design values of bunching system A

Prebuncher Constant impedance | Drift space 42.27 mm
Buncher

Max. field 2.0 MV/m field strength 15 MV/m

shunt impedance 14.97 MM/m maxi. inpu power | 13 Mw

group velocity/c 0.0494 cavity number

attenuation 0.0597 Neper/m buncher section 5 + coupler
coefficient normal section 28 + coupler

maxi. Input power | 2 MW cavity size D 31.49~34.99 mm

cavity number 3 + couplers 2a 22.44~19.43 mm
cavity size D 24.318 mm 2b 82.53~81.75 mm
2a 36.89 mm
2b 90.075 mm
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Double pulse generation
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Combine Method of Two Independent Pulses

(1) An individual pulser produces a pulse.

(2) Two independent pulses are combined by rf combiners
in order to isolate each other.

(3) 4 combiners are used to reduce source impedance




2 grid pulsers & socket




NoFORREET - BEFE—

First bunch

Untitled Measurement Condition

Live Time @10 Jpuise

Accum.Time

Control the Streak Camera
u-Sweop Range | Sns v

MCP 6

Delay
Mark 1= 794227ns a7 ot

798.727ns 88 ot

139.579ps (796.166nS)
893786 cnt Input Optics

Focus :

WHM
AREA -

50000
slit Width :

48000 [ | 1| Osravity integ. R rig.single

38000 |

Image Status
<« Condition : US565N_C6699(R1)
24000 B nu:um.nme 30 pulse
Mcp G
Slrenk Mnne 5INS]
12000 | | stre ger SINGLE
/ e 0.520 - 0,544 2. 5.962
\ 0C Calibration ON
= DATE 2001/ 35/ 9
Ted.0ns 795.0m 7960 7970 T30 TIME 1 N

Measurement Condition

Live Time ©[10_Jpuise

Accum.Time

Control the Streak Camera
1-Sweep Range [ Sns ¥

MCP Gain

FWHM 15ps

Untitled

699.845ns
699.975ns

LEE

Measurement Condition

@[ic_Jouse
Control the Streak Camera
1-Swoep Hange | 8.0ns v

MCP Gain :7

Delay

e Time

Accum.Time

[ Search puls

2644564 ont

Input Optics

s0000 [T T

48000

36000 -

24000 -

12000

s

Focus :
Slit Width :

D 6ravity Integ. R Trig.Single

Image Status
< Condition : US563N_C6699(R1)
Accum.Time 30 p
Mcp Gain 108
Streak Mode 0.28INS]
Streak Trigger SINGLE
H:-0.520 ¥: 0.544 Z: 5.962
0C Calibration ON
DATE 2001/3/9

890.64ns  699.06me  693.06me  699.00ns  698.02ns  698.34ns

TIME 12:41: 35

Measurement Condition

Live Time
Accum.Time
Control the Slreﬂk Eﬁmerﬂ
swoep Aange

MCP Gain

LERASIEROEFEBEF
(2/\2F)

Positron Linac/BT Orbit (2-bunch)
T T

measured 0B/13/2001 201845

DX
(mm)

E—LEE

tms =1691 mm

Second bunch

Delay Delay -
698.437ns 796.032ns b >E SUP NN R O 'Y e . - A
702.937ns R search pulse : [100 | cnt. 796.15ins R search puise : [100 | cnt. 8E 5 W‘\&y‘*‘?‘&;vﬂvw‘ ¢ Shas S i S g Y
842109 et Input Optics 2786019 ont Input Optics ‘
60000 T T T Focus : 60000 K I S S Focus
f Stit width : slit width : §
48000 - = 5 48000 - - 10, f f f |
\ [ Gravity Integ. [ Trig.Single O Gravity Integ. (X Trig.Single N W*. o & S S b
{ x (o Cer) S St Frrrrtrng 3%
3000 38000 |- 1 4 o 4=
Image Status Image Status g 3 A . A 2z
| << Condition : US565N_C6699(A1) << Condition : US565N_C6699(A1) T
2000 Accum.Time 30 pulse 24000 |- H 4| Accum. pulse
Mcp Gain 76 A Mcp Gain 108 F*"* 'WH
Streak Mode SINS] / | Streak Mode 8.20[NS] 3 HrocBRTRIRIRIEEERRRN0R090 SRS SRS ANRANN CReE ¢ 8 FIR 3 4
12000 |- Streak Trigger SINGLE 12000 | I \ streak Trigger SINGLE A TR MRS
H:-0.520 ¥: 0.544 2: 5.962 / #:-0.520 ¥: 0.544 2: 3.962
DC Calibration ON e DC Calibration ON
0 DATE 2001/ 5/ 9 0 DATE 2001/ 5/ 9
699.0m 70005 7010 70200 TIME 12: 39: 49 796015 796065 796.08ns  796.10ns  795.12ns  7%6.14ns TIME 12: 46: 47



KL-ATEEFHEEEROEXAIE+HERENS VR




KL-ATEEFHEEEROERIE+HFEEN

33kV
4.4Q —3.30
KL-AT r

1:15
N iy 250KV, 1.0kQ

: A L
TOREEEES:
I r Y

e(t)

12
! N ¢ Hun 200kV, 1.8kQ

A L
V Vi | | V2 RL
hd T

e(t)

Tek FAD | [ —1— AR

i 7 TN

R Amnc g

= @ 500V Cha 500V M[1.00ps| A ChT S -10.0 @ 5.00V Cha 5.00V  M1.00us A Chi & ~10.0V|
= crm—
= a4 L afILE

JMILDEEICES KLY EEERE GUAT BERE O LR
) (KL_A1 Es:20.0kV)

KLA1 EZalL—4R Ch1(&):KLY

PFN E&8EICERELT:

‘GU A1 BEERFIITYEELGET A PFN ~ GUAT B5—J)L BIca4IILERY {FT1=,
R, GU A1 SEERBELEY KLY SEEREI TYROEALREEINT-,

Tek BGAD | | — — ) i

A



Pulse transformer and oil tank of gun A
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Pulse transeformer & dumy load




Electron gun and collimator
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Relationship between Beam Emittance

Emittance(m)

and Collimator Size
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Relationship between Emittance and Beam Charge
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Two-bunch beam generation for KEKB

Two-bunch beams have been required to reduce injection times into
KEKB rings.

Especially for the LER it is being inevitable to increase positron
intensity as the stored beam increases. Two-bunch beam acceleration
is one of the methods to meet the requirement. In order to accelerate
and accumulate the beams successfully, it is at least necessary to
satisfy the following conditions: 1) each bunch length should be as
short as the present single bunch, that is less than 10 ps, and 2) their
time interval should be 97.29 ns that is a period of the common
operation frequency between the linac and KEKB rings. Wake field
effects are strong for high intensity beams. In normal acceleration
sections beam energy of each bunch is thought to be controllable by
means of changing acceleration timing with respect to RF pulses. In
the bunching section, however, this technique is not useful. To obtain
independent operation freedom we developed a system that produces
a two-pulse beam from an electron gun each of which intensity and
timing are independently changeable. Beam test results are presented
as well as the system configuration and performance.
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Magnetic lens and focusing coils
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Correlation between beam position and
gun-accelerating voltage
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Schematic layout of the pre-injector A
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Orbits and Current in KEKB Linac & BT @10nC
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Tolerance for phases @ 10nC beam
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Summary

Tolerance Measurement e Digital feed
Instruments range accuracy Stability back
Gun beam
timing +45 ps 5 ps 20 ps O
Gun high o o
voltage +0.38 % 0.02 % <01% O
SHB1 phase +1.1 deg 0.05 deg 0.5 deg -
SHB2 phase +1.3 deg 0.2 deg 1.0 deg -
Buncher phase +1.7 deg - + 1.0 deg -

* Long term stability of normal status.

“This system is doing on the reference of a Buncher entrance RF phase.
" Three kinds of RF phases that were directly associated to the electron
beam are being measured directly with high accuracy.

* We are able to discover it right away if there is abnormality in these
measurement data quantity.

* We aim for a more stable beam from now on, and be thinking digital
feed back of SHB1/2 by using the measured value of this system.
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KL-B8 induced RF Phsae (deg.)

Horizontal Position (mm)

A1 RF-phase dependence @10nC
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SHB1 RF-phase dependence @8nC,
June/14/1999
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SHB1 RF-phase dependence @6nC
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SHB1 RF-phase dependence @8nC
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SHB2 RF-phase dependence @8nC
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SHB2 RF-phase dependence @6, 8nC
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Controller of the gun modulator A

Acceleration voltage 200 kV

Pulse width 4 us

Pulse repetition rate 50 pps




Gun modulator circuit

Hold-off Diode

40 H 15 H
> \ de-spiker :
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Monitor and feedback systems of gun

. g e Gun HV
Ethernet line_| Gun room temperature e .. oy Vacuum + s «| f€dback I
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.GRID PULSE TIMING FEED BACK MONITOR SYSTEM (2-BUNCH)

GUN
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Grid pulse vs. 571MHz
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.SHBI/SHB2/BUNCHER RF Phase monitor system

2856MHz 571.2MHz 114.24MHz
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- Buncher & gun beam monitor system

2856 MHz 571.2MHz 114.24MHz
WCM l l WCM
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. Gun room temperature monitor system

Ethernet line

pt100
YEW :
Temperature EPFN monitor —
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History of Gun Room Temperature

Room temperature(deg)
25 Al | T T | | T T T | T 1 —
{dez) o ]
2a.5 : :
A E Switching regulator .
285 | |- —
Tenp(dez) 22.5 |- .
2 |- .
215 : :
nd | I | | | | | | | | | | | [
T D]
23/Mar 72001 00-00 24/Mar 72001 02:40 25/Mar72001 12200
Time
60 hours
- DMM 3478A

-+ 2001/03/23 00:00 ~ 2001/03/25 12:00

0.5deg



W, A-1

Gun HV measurement and feedback

GUN HY TREND

v - maximum - average - minimum l 2003/02/24 I
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-37.00 T T T T T T T T T T T |
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Max -35 AUTO year month  day start at & 1Thowr ¢ 2hours SET LAST 1 h QUIT
l I I . r.
Min. [ -a7 2003 :J IUT:-I IZT:-I 9:00 —tJ " 3hows  4hours




PFEN voltage change of the Gun pulser A

A1 GUN PULSER E PFN MONITOR YOLTAGE (¥)
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-+ 2001/03/19 12:00 ~ 2001/03/24 13:00




640

PFN of gun modulators
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Pulse transformer and oil tank of gun A

720

é Ceramic bushing

Fi\_L: | ﬁl\

C-divider

.Pulse transformdr

i

342

J

Resistors  Oil tank

.

I

Step up ratio 1:12
Secondary impedance

1.8 kM
Load resistance 1.82 kM

Power consumption 5 kW




Pulse transeformer & dumy load
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SHB1

1141 11415 1142 11425 1143 11435 1144
0 (eesm—— | r-----—---»—

Frequency(MHz)




SHB2 of 571MHz
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Quantities of Measurement

* Grid pulse amplitude and gun beam amplitude
* Grid pulse timing and gun beam timing

* Buncher beam timing vs. 2856 MHz

- SHB1/SHB2/571MHz phase vs. 2856MHz

* Gun pulser Eppy monitor output voltage

* Output signal for ¢* pulse coil power supply

* Gun room temperature



Summary

Instruments Tolerance | Measurement Stability* Digital feed
range accuracy back
Gun beam
timing +45 ps 5 ps 20 ps O
Gunhigh |, 350, 0.02 % 0.1 % o
voltage
SHB1 phase +1.1 deg 0.05 deg 0.5 deg -
SHB2 phase +1.3 deg 0.2 deg 1.0 deg -
Buncher
+ - + -
phase +1.7 deg + 1.0 deg

* Long term stability of normal status.

“This system is doing on the reference of a Buncher entrance RF phase.
" Three kinds of RF phases that were directly associated to the electron
beam are being measured directly with high accuracy.

- We are able to discover it right away if there is abnormality in these
measurement data quantity.

* We aim for a more stable beam from now on, and be thinking digital
feed back of SHB1/2 by using the measured value of this system.
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Gun control panel 1

w, AT B3

—{ DATA LOAD }
KEKB #1 KEKB #2 KEKB #3 KEKB #4 KEKB #5
03/03/10 01/03/13 01 /03/08 02/08/23 02/08/24 E—2—&ik
DAC 084D
515 A
KEKB #6 KEKB #7 KEKB #8 KEKB #9 KEKB #10
02/08/30 00/09/29 00/09/29 03/02/24 00/09/29 ‘ T
DAC 02F0
BEICO-Fank)ISAA KEKB #1 927V

DELAY — 1
LY HY TRIG Interlock—A -~Vacuum Status DAC (MALS 0700
1T 2 E htr (L) -
S LAMP 1G Vac Failure 0.72
- .72 ns
(0]'¢ O @ @ @ Thtr OC_[Htr 3min ava (G VYacEmeq |
T o | o |t o
ON : G4 [Closed]
E bias (H) avE CCG1 Yac Abn DAC PSS 0CEE
a7 CCG2 Yac Fail ][ TMP1 STOP 1.76 ns
ON Vacuum
::B"" STATUS AT
| avo DAC (EEIAT 0163
Lk | T GV6 losed! 0.30 KV
one GV7 [Closed| .
E short(H)
[ LOCAL CONTROL MODULE REMOTE | [Tshort 0G Fo 2
AAT—T m 043t
[HV-St —— Yacum LINK ok |Fes[ ] DAG [BEFI] 0428
0.32 kV

| Hy-St Operation REMOTE | | HY-St PLC CPU RUN | | Hv-St PLC I/0 OK | | Yac PLC CPU RUN | | Yac PLC 1/0 OK |

774 )ILhen0—F

DACEZEE - 7

ver. Aueg. 2000




Gun control panels 2

w. TD4R ( A1 Gun Delay)

W A-1 T AOR0—FFl0 (H—) 3 for TDS3062B

~TD4R-1— TDAR-2— ~SET DATA - S
‘ s o FEE & GH1
D 0 D|E|F| CLEAR _— e
| £ CH2
L 0 A|B|C t5 [CH 1] 500 mv SAMPLE
A m =
EMF4(E [-36.
3 0 718109 +1 [CH 21100 mv PEAK Dt PETSIE] - 36.252 V QUIT
= 400 ns AVERAGE ] 5 -2
B 4151|6 -1 TDS30528 tEHEH | offset [ offset
el ' ~Save Log— [03/03/15 095724 ERR eplb: berr = 6 o
- ) 03/03/15 10:04:50 ERR epib: iberr = 6 :I
FENOTE] | FEWOTH | o et | L1212 st
| A sl EPID: 1Derr =
" TD4R-2 0 ENTER 03/03/15 102854 ERR epit: iberr = 6 d|
[Data OK | || [Data OK |
T [Texti s SRA check

—~LOAD DATA

Data #1 | Data#2| Data#3| Data#4| Data#s|
n0/12/28 01/01/10 n2/08/21 00/09/19 00/11/02

Last Loaded : Gun HV measurement

e
8f

£

R [Text | #Bsar | swist |

Save Data .. I Gompare Data .. |

TD4 delay 2-ns step



Structure of the positron production target
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History driving pulse for e+ Focusing Pulse Coil

et Pulse coil power supply

(sec)
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Two-bunch beam generation for KEKB

Two-bunch beams have been required to reduce injection times into
KEKB rings.

Especially for the LER it is being inevitable to increase positron
intensity as the stored beam increases. Two-bunch beam acceleration
is one of the methods to meet the requirement. In order to accelerate
and accumulate the beams successfully, it is at least necessary to
satisfy the following conditions: 1) each bunch length should be as
short as the present single bunch, that is less than 10 ps, and 2) their
time interval should be 97.29 ns that is a period of the common
operation frequency between the linac and KEKB rings. Wake field
effects are strong for high intensity beams. In normal acceleration
sections beam energy of each bunch is thought to be controllable by
means of changing acceleration timing with respect to RF pulses. In
the bunching section, however, this technique is not useful. To obtain
independent operation freedom we developed a system that produces
a two-pulse beam from an electron gun each of which intensity and
timing are independently changeable. Beam test results are presented
as well as the system configuration and performance.



