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Overview of Linac
Beam Operation

2010/9/16 2 M. Satoh/ KEK Linac Control



* Linac
— 600-m-long e-/e+ injector
— 50 Hz

e TWO Rings for High Energy Physics )r f”)‘ /A

— KEKB T\ T

8 GeV e- 1 nC x2 bunch K e

3.5 GeV e+ 1 nC X2 e e
(10 nC primary e-) i = 8N '

 Two Light Sources:
—PF25GeVe-0.1nC
— PF-AR 3 GeV e-0.2nC
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Accelerator Complex in KEK Tsukuba Campus

e LInac

— 600-m-long e-/e+ injector
— 50 Hz

e TWO Rings for High Energy Physics p "

Four Independent rlngs share ’
only one Injector. ~

 Two Light Sources:
—PF25GeVe-0.1nC
— PF-AR 3 GeV e-0.2nC
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|_Inac Parameters

 Linac parameters should be changed to a
optimized one for each beam injection.
— Timing (trigger/delay)
— RF phase
— Magnet settings
— Positron Target Insertion/Extraction
— etc.

2010/9/16 5 M. Satoh/ KEK Linac Control
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Linac Parameter Switch
for KEKB e-

Linac Parameters: KEKB e-

L 4
GUN #1 e
e KEKB e+
&
,

A

GUN #2 Positron target
W

(y e- 1 nC
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Original Beam Operation

for KEKB e-/e+, PF

KEKB e-/e+ : every 90 min.
PF (PF-AR) : twice daily

3217 [mA] 1124 [bunches] Phsics B
LER 3129 [mA]  1125[bunches] ysics Run
Luminesity 1275, (now) 1763 {peakin 24H) [x10°0/cm?sec]

Integ. Lum. 5.7 (Fil) 364 (Day) 816 (24H) [/pb] 05/01,2004
R R I — T

W NCN

<
—_ =
< =
g = i -
— -
= 30 \ \ _
: |
§ 2 200} \\ -
a =

g ‘ Beam injection I

»n 100 | i
g of ' o EE Lo
J2’1-\11500 m‘?:‘

o : 0L — —

% . //./l 4 /J / // /A/l/‘ ...... /j = 00:00 06:00 12:00 18:00 24:00
e e ol

Time Time (hh:mm)
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Improvement of Integrate Luminosity at KEKB
 Continuous Injection Mode (CIM)

— Quasi Top-up Injection
 Linac Parameters are frequently switched

CIM Mode

Lurninesity 14.37& (now)
g Lum. 747.4 (Fl

KEKB e- mode
1 min.

g [unu] swnayr 1

Beam Current [A]

1 [ed] aanssa

Linac Bema-Mode Change
30 sec.

HER [&] 1292 [b
Integ. L 747.4 (FIl) 1082.6 (Da:
1.2WMMN
=

A

B
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2

L A L S B B RO AL
R
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5F=
1__:::::!:::::!:::::
10f
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[q3/] wnT Baqu]

paBBo] 7p padantiap
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KEKB e+ mode

12g |\||\||| IIIIII ||||‘||||||||||||||||
o R
Il B
4 H 4 | 120
min. a1 P L O . Y AU I § IS IO n Y IO O N DN
DthDS h ] ul h ] h
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More Improvement

* Much higher current stability is required
for KEKB.

At the same time,
» PF Top-up Is also strongly required.

2010/9/16 9 M. Satoh/ KEK Linac Control
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Linac Upgrade:
Simultaneous 3-rFings Top-up

000000000
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Operation Scheme for Simultaneous Top-up
(Multi-energy Linac Scheme)

« Common DC Magnet Setting
 Several Pulsed Magnets

 Fast Beam Energy Control
— Fast Low-Level RF Phase Control
— Fast High Power Klystron Timing Control

2010/9/16 11 M. Satoh/ KEK Linac Control
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Fast Switching of 3 different beams

' Timing
switching

RF pulse

Beam
® KEKB 8 GeV e-
® KEKB3.5GeV et
©___KEKB2.5 GeV e-

20 ms (50 Hz)

2010/9/16 M. Satoh/ KEK Linac Control



Beam energy (GeV)

KEKB e+

M. Satoh/ KEK Linac Control
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Beam Energy along linac for each Injection Beam

Common energy region

~~
>
QO
O
e
Q B /deceleration
— -
Q
-
o KEKB e+
E .
<
QO
m ...........
PF
Wt {
OrcoNa s (m) W target 600

2010/9/16 M. Satoh/ KEK Linac Control




QW kek o) Linae SiImultaneous Top-up for three rings in KEK @_:”_pl:

Fast Timing Control
- Event Based System -

000000000
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Event System: MRF230 EVG/EVR

*One EVG x1, EVR x21 (on EPICS/VVxWorks)

* To change ~ 100 parameters in every 20 ms.
* Trigger/delay for Klystron, Pulsed magnet, Gun, etc.
* Low-Level RF Phase

L__ !
G B
VMEG64x bus
t




e BT (PF: 2.5GeV, 0.1nC)

~

e* BT (KEKB: 3.5GeV, 2nC)

e*/Target
J 4 4 - e~ BT (KEKB: 8GeV, 2nC,

Event Receivers PFAR: 3.0GeV, 0.1nC)
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e~ BT (PF: 2.5GeV, 0.1nC)

”

e* BT (KEKB: 3.5GeV, 2nC)

\

e~ BT (KEKB: 8GeV, 2nC,
Event Receivers PFAR: 3.0GeV, 0.1nC)
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e” BT (PF: 2.5GeV, 0.1nC)

e* BT (KEKB: 3.5GeV, 2nC)

£\
|

A '

Event Receivers PFAR: 3.0GeV, 0.1nC)

e~ BT (KEKB: 8GeV, 2nC,
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Set Event Code for

e~ BT (PF: 2.5GeV, 0.1nC)

SB C SB_° SB_: SB 3 QR . p= e* BT (KEKB: 3.5GeV, 2nC)
| | | | e+ 1: l'g '
Cont-’ Cont-2|  Cont-3 “ e~ BT (KEKB: 8GeV, 2nC,

Event Receivers PFAR: 3.0GeV, 0.1nC]

ARC
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New PF-BT

2010/9/16 21 M. Satoh/ KEK Linac Control
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Original PF-BT
‘ Beam switchyard \

KEKB e-/e+ Injection
ECS ON

/ Original
" PF-BT

ce--@---» KEKBe+
(3.5 GeV)
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Original PF-BT
Beam switchyard \

PF Injection
Switching ECS Bends #1 and #6
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Construction of New PF-BT
‘ Beam switchyard \ -

Simultaneous Top-up

ECS ON
Pulsed Switching Bent

New PF-BT
»
1. @--> KEKBe+
______ (3.5 GeV)
Pulsed Bend -~ TETEecccec ...
® > KEKB e
(8 GeV)

010/9/16 4 Vl. Satoh/ KEK Linac Contro
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Pulsed Bend and Power Supply




Fast Switching
Berween e- and e+
Operation
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Photograph of New Target

W target (¢S5 mm)
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Fast Switching e-/e+ Scheme

.e- 10 nC

® c+1nC

e+ operation

(KEKB e+)
—
—
Hole
Pulsed steering magnet ot target Pulsed steering magnet

2010/9/16 M. Satoh/ KEK Linac Control
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Fast Switching e-/e+ Scheme

® c-1nC

(KEKB ¢-) C- Op eration

Pulsed steering magnet Pulsed steering magnet
SIS et target S

2010/9/16 M. Satoh/ KEK Linac Control



w/o et target

Corruction Nloorng Orbit  Window

clectron Linac/BT Orbit

(normal operation)

X [mm]

Y [mm]

I [nC]

fix (3) A VY O Ao * Fix (Z) A Y eme 1 AlY
2 3 3 “
e st 34 L

Roplot

w/ et target

New scheme
X [mm]

Y [mm]

4
g
4

- -

e
e B i 4 e S L S

range DX MAato & i (7) Al VDY Ao+ Kk (5) Al VY O Ao ¢ M (Z) ALY e 1 ALY Replet
E oz Cloar Statistios Standand Sz
ot - meas ol atrof wont o gokd it gt meas s gokt mens <= ret tat - ret

Linac Control
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Fast Beam Position
Measurement

2010/9/16 31 M. Satoh/ KEK Linac Control



* Old System:
— 5 GSal/s, 8 bits, 1 GHz Analogue BW
— GPIB control
— Measurement performance: up to 1 Hz

* New System:

Old System
(VME + Oscilloscope with GPIB)

10 GSa/s, 8 bits, 1 GHz Analogue BW
100 Mbps/GbE Network

DAQ Speed: more than 50 Hz
Twenty four systems have been installed.

New system
EPICS embedded 10C
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BF

SIMULTANEOUS
TOP-UP OPERATION
OF KEKB e-/e+ and PF
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Simultaneous Top-up Operation
Beam current stability in Original Operation

- KEKB: 300 mA (~ 50 %)
- PF: 240 mA (~ 53 %)

400 | \ N

200 + \\

‘ Beam injection I

DCCT Current [mA]
Stored beam current (mA)

100

@ 000

0 " 1 L i 1 i

00:00 06:00 12:00 18:00 24:00
Time (hh:mm)
' ' Y O /] V . C .' 5 5 I c 0 0

'"EIS DD DD
04/30/2000

14 DD 18 DD DD DD



Beam current stability since Apr. 2009
- KEKB: 1 mA (~ 0.05%) : e-:125Hz,e+:25Hz
- PF: 0.05 mA (~ 0.01%) : 0.5 Hz
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= =
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2 200t .
3 =
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Remaining Problem: PF-AR Injection
 AR-BT and KEKB-BT share the long part of beam line.

« AR-BT: ~ 3.1 GeV
 Tight tunnel space

, ] - | Commpn BT
| for KEKB and PF-AR

= ﬁ:—:_:““‘w — e ——
o T ————

== Linac end

\ :’A‘Ll v
\R &/
V1T e
\ 3 M
] s
AR South Ir
- || EXp. Hallljs
Ay /i
/] i/
nisy j
7 n AF
ra £

‘Beam switchyard
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Toward SuperKEKB Operation
« Beam lifetime ~ 10 minutes.

* PF-AR injection will be a crucial problem
— Interrupt top-up injection (15 min. twice daily)

 |In SuperKEKB operation, Beam Energy will be changed.
—e-: 8GeV => 7(GeV

—e+: 3.5GeV => 4GeV

» e+ beam with 4 GeV will be available for PF-AR injection.

« AR-BT Upgrade
 Pulsed Bend switching between AR-BT and KEKB-BT
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Summary and Future Plan
« Simultaneous Top-up for KEKB e-/e+, and

PF was achieved successfully.
— Beams with different energy and charge (0.1 nC to 10nC)
. 25Gev (PF), 3.5GeV (KEKBe+), 8 GeV (KEKB e-)

— Development of Many Subsystems and Many Beam Studies.
— Many People's Contributions and Efforts

— Great Improvement of Experimental Efficiency at
both of KEKB and PF

« Towards SuperKEKB:

— We are planning the simultaneous injection including PF-AR.
— Simultaneous top-up (SKB e-/e+, PF) and PF-AR 4 GeV e+
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Thank you for
your attention!
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