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Electron Accelerator Complex

®Linac clients L F R A=
PF‘AR #. S
0’0 K EK B (Advanced Rn;gfor 0/ g

pulse X-rays

8-GeV e- 1nC x2
3.5-GeV e+ 1nC x2

(with 10nC primary e-)
“*PF 2.5-GeV e-0.1nC
* PF-AR 3-GeV e- 0.2nC
@ At first simultaneous e
top-up injections to three rlngs at KEKB and PF
“*Switching beams at 50Hz
“*For stable operation and higher quality exp. results
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Operation

€ Operation groups at KEKB and linac
“*Overlapped groups
“*Many attend commissioning group from eq. groups

“*Daily KCG meeting
' ZKB

“*Weekly LCG meeting
Comissionin
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KEKB Operation Improvement
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Fast beam switching or Simultaneous Injection

®Luminosity degradation on beam studies at PF and
PF/AR

@®Future SuperKEKB injections with shorter lifetime
@ Sensitive luminosity tuning with Crab cavities
@®PF top-up injection for higher quality experiments

“*CERN/PS switches beams every 1.2s (PPM)
+*SLAC/SLC switched beams at 180 Hz

“*KEK Linac had switched beams 360 times a day in 2008 (just
before simultaneous injection)

“10~120seconds per switching

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 5
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Requirements

€ Maximum beam rate of 50Hz x 2bunches should be kept

® Most pulsed power supplies were designed to operate at
constant rate (a restriction)

® Most linac magnets were not pulsed (except positron
focusing coil)
“*Thus, it took much time for mag-field standardization

€ Approx. 1000 devices in linac

%600 active devices (gun, RF, magnets, etc), 100 passive devices (BPM,
WS, etc), and static devices

€®20ms beam switching became the solution

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 6
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Hardware and Operation Improvements

& Separate BT for PF (2005)

®Pulsed bending magnet for PF (2007)

®PF beam from common gun (A1) (2007)
®Beam charge safety interlock (2007)
®Event-based fast control system (2008)
®Pulsed steering magnets (2008)

@®Electron bypass hole at positron target (2008)
®Interface between ring-linac RF (2008)

€ Multi-energy linac optics (2008)

¢ Simultaneous injections (Apr.2009)

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 7
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Linac Energy Management
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Power Management

®Power management at each power source
< of 60 50-MW power sources
“ In order to maximize the power

< But not to increase the trip rate
Interlock at a reflection level VSWR of 1.4
If a trip rate is higher, the voltage is lowered
Surveyed statistically every week

€ Some sources will be stand-by state

“* As backups, if the energy is enough
KEKB e+ has several stand-by, KEKB e- has typically one

®Energy conversion
“* Energy gain = constant x sqrt( power )

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 10
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Cavity and Klystron Database

®Updated on replacements of klystrons and cavities
< Converted into control database

sectofunit No %/ typ [d(WG) o M | Es-Power c2 ci c0 Es Power Gain Gain Eave stand Total
m TR KV MW  MeV MeV MVim by MeV

A|1 0 1H - - - 1.00 04.08.30 -0.04728 6.58617 -138.81662 |40.0 489.0 19.0 18 - 1 19
1 a1 A 1433 0.84400 1.00 04.08.30 -0.04728 6.58617 -138.B1662 |40.0 48.0 24.0 43 12.7 " 43

2 # A | 14.33 0.94400 " - " " " " 240 0 12y v 67

B 177 1 D [1328 083868  1.85 [ 5870.07 T 000000 T 183650 | -38.76900 (475 416 435 171 12307 1 T 3004

2 |H D |13.35 0.93834 " - 0.00000 " " " " 435 230 *  3dva7

3 | D [13.28 0.93868 " - 0.00000 " " 435 230 " 3091

4 |H A 1335 U.43834 . - U.UuUuU aUuB 218 41

T |1 1 g E [13.28 U.03868 1.8 - U.00000  2.07020  -36.72400 |43.0 42.3 44.8 179 23.7 1 3176
2 =] E | 13.35 0.83834 " " 0.00000 " " " " 44.8 b 23.7 " 3221

3 |H  E [13.28 0.93868 " - 0.00000 " " " " 448 0 237 " 3266

4 IH E | 13.35 0.83834 " " 0.00000 " " " " 44.8 b 23.7 " 3310

2 1 [ C [1328 053868 185 030976 F U 247830 6547700 (475 374 404 162 2174 1 33617

2 |H  C |13.35 0.93834 " - 0.00000 " " 404 T 214 3391

3 =] C | 13.28 0.93868 " " 0.00000 " " " " 40.4 b 21.4 " 3432

4 |4 C [13.35 0.93834 " - 0.00000 " " " " 404 0 214 " 3472

31 [H D [13.28 053868 | 1.86 58 11.75  0.00000 @ 232860  -5b.54400 (425 434 444  T/8 235 1 | 3516

2 |H D |13.35 0.93834 " - 0.00000 " " " " 444 235 " 3561

3 |H D [13.28 0.93868 " - 0.00000 " 444 T 235 3605

4 |H D [13.35 0.93834 " - 0.00000 " " " " 444 % 235 " 3850

41 [ C [1328 053868  1.85 06.0830 -072247 71200654 -248.55271 (435 421 428  1/1 227 1 36593

2 IH C | 13.35 0.893834 " " 0.00000 " " " " 42.8 b 22.7 " 3735

3 |H  C |[13.28 0.93868 " - 0.00000 " " " " 428 0% 227 " 378

4 |4 C [13.35 0.93834 " - 0.00000 " 428 T 227 3821

5 1 [ E [1328 053868 185 0T.0422F U 233330 5362000 (440 490 482 197 255 1 @ 3869

2 |H  E |13.35 0.93834 " - 0.00000 " " " 482 ™ 255 3918
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Crest Phase Calibration

®Each power source with slow phase shifter

“*Energy measurement scanning the phase shifter
Primitive but reliable, while there were several methods

Chicken and egg issue exists on bootstrap
If no beam at the end, no measurement possible

“*Every several month at least after the long
shutdown
Automated measurement takes ~2hours for 60 sources

+*Result Is saved as a reference to other software

If the voltage was changed, nominal crest change is
applied (1kV => ~8degree) (to be measured later)

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 12
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Typical Automated Phase Calibration

< Phasine Panel

File

Phasing Panel 1219 14
'\ B Sector 2010/04/08 12:19:46
KL_B1 KL_B2 KL_B3 KL_B4
& Measurement & Measurement @ Measurement & Measurement
-2 == Fit == Fit == Fit == Fit
-4 Crest Crest Crest Crest
-6
-3 ] ' [ ' [ ' '
R L L (LSRR F S ) L
160 180 200 80 100 120 180 200 220
Crest Phase| 186.2 degree Crest Phase 89.3 degree degree Crest Phase| 190.8 degree
Es 42.00 k¥ Es 41.99 kv KV Es 42.00 kv
KL_BS KL_B6 KL_B8

8 — & Measurement @ Measurement & Measurement & Measurement
B -~ Fit -- Fit -~ Fit - Fit
4 Crest Crest Crest Crest
2 :
0 ; i I

T | Tl el T | T T | T | l T | T T | = L

160 180 200 60 80 100 260 280 300 160 180 200
Crest Phase| 168.0 degree Crest Phase 739 degree Crest Phase| 275.8 degree Crest Phase,| 173.6 degree
Es 42.00 kv Es 42.00 KV Es 42.00 KV Es 42.00 KV
Crest File Update ] 2010/04/08 12:19:53
Close
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Energy Profile

®38 driver klystrons with fast phase shifters
< Each manage ~8 high power klystrons
<+ Define the overall energy profile
< With Small phase angle (from the crest)
Energy spread compensation depending on beam charge
€4 klystrons with fast phase shifters

“* Forming two energy-knobs to adjust the energies
Before the arc and at the end of the linac

“* Not to enlarge the energy spread \‘
o Vo

Two klystrons are grouped

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 14



-

WAO02010
WA @ -
207

Two-bunch Energy Equalization

€ Two bunch in a pulse
“* Energy compensation
Depending on beam charge
& Fast timing adjustment
< Automated measurement

“* Same procedure
As crest phase measurement
With ns timing as a variable

Relative Energy [%]

0.99

0.98

0.97

0.96

First bunch

96.29 ns

-50 0 50 100

Gun/SLED Timing [ns]

Simultaneous Injection and Energy Management
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Energy Profile Calculation

09/25/2000 17:39:25  Help

KEKB e- Last updated: 09/25/2000 17:34:42 KexkBe- — 17 Output file 01/21,/2009 16:22:25 Help ~
I” Energyev) EA1 | ZOE7 EJARC | 1.7E9 EPT | 10E7 E21 | 85E7 E(e-) 9| E(e+) 3.5E9 ECT | 10E7 E(AR) | 3.0EQ E(PF) | Z5E3
o el
C PF-Al e- Last updated: 01/21/2009 16:33:23 pra1 — | QESEIE | Qutput file
ACCE&Klys | Quad [ Energy
ACC Volt{MeVim) SUB Phase(deg) Crest KLY Phase(deg) Crest IE7 EJARC | 17E3 EPT | 1.0E7 E21 B.5E7 E(e-) | 8.0ES E{es) | 35E9 ECT | 1.0E7 E{AR) | 3.0E9 E(PF) | Z.5ES
ACAIL 11,8220 B 103.000 100.000 F[ue 93800 100,000 ACCEL i
fadz 11,2220 SEE 163,000 109,000 Kz %6500 ZE.M00  ALCEL
ARz 21,5013 SBC 3,000 1007000 e 154000 153800 ACCEL
faoz 21,5308 5B 5,000 109,000 [ T.op 52,000 ACCEL
AR23 21,5308 SB2 a.000 1007000 KBl 3500 94.400 ACCEL
e 21,4372 B 5,000 109,000 KLE2 S0 82400 ACCEL Eneryy
ACAsL P3E%22 5B a.000 1007000 B |E0 3700 ALCEL
feEz 23,5501 B 5,000 109,000 KB4 194500 194300 ACCEL
R332 235301 B 234 EE) 172600 ALCEL
feze 23,6280 KLEE 00 TR0 ALCEL
AAdL 21ELIR B 266,500 206400 ALCEL
ALz 21,5053 i3] 186,000 185400 ACCEL
ACA43 2116093 [ 26500 298800 ALCEL
e 21,6073 X 306500 6400 ALCEL
ACEIL 21,2433 [ 3/E0 /700 ALCEL
ALELZ 21,2420 [ 2300 85800 ACEL
ACEI3 212420 s 480500 48,500 ACCEL
AL 21,2401 K SE0 DRS00 ACEL
ACE2L 133834 e 34500 344300 STAND-BY
ALE2z 13,3817 X 4500 43,400 ACEL
A3 133605 K11 2190500 213400  ACCEL
ALE2e 13,3799 K12 12000 112,000 ACCEL
AL 20,7454 [ 307.500 307400 ACCEL
AEzz 20,7438 KLid 28500 230,300 ALCEL
A3 20,743 s 203.000  203.00 ALCEL
ALE2 207417 KLiE 2,000 285400 ALCEL
AL 23,5628 e 13000 1311000 ACCEL
ALB4 23,5608 Kz 280,000 404,000 ACCEL
ACB43 23,5808 K21 41000 94.900  STAND-BY
ALEM 23,5505 (] .00 E.0  ALCEL
ACESL 3.0400 Wz 3000 .00 ALCEL
ALESz 5,038 K24 178,500 180,800 ACEL
ACES3 3.0 12 £7.000  67.300 ALCEL
ALESd 5.0384 K 25,000 228,200 ALCEL
ACESL 113285 128 405.000 405300 ALCEL
ALEez 113400 [ G350 63,600 ACEL
ACES3 113357 e 345000 345.000 ALCEL
ALEed 11,3264 K34 26000 5.0 ALCEL
ACETL 22,5802 S BB.000  BB.100 ALCEL
AT 22,782 S 35300 34600 ACCEL
5 [z = &
Save file o »»>
I R I T U U U NSRS R
0 100 200 300 400 500 B00
COLOCRCICNENCALOCNLD € L7 00 CH L0 ) CALOCLICAINCN L7 IR MV CD LR C0 0 OV L0 Q0 O0 COC0 0000 LLONUIMTAOINCOUINLn Co o @0 00 o € o @ o W W ;o
FUUTTCTUUU U D RV U TUEUTUD U U U R D DT VU UM P YUV VWY Urmooamonmmomrvwonown oW ow @ ®oo@ @ wmo o@ o memem
JRimsm e minnn] === = S == oo ronTOC0
ELE R SN UOY R R Bonn B m aa T et B B B f B @ D M B ooo
b m b B R bR b CoA N A EE AR RRE REEE B BEAES PelEMERECREE R B B & B B B E B ROR
o SRR =
Save file to >>> fusrfusersicontrolfdatastransportfsabot/pfal ivacsaddata fusriusersicontrolidatastransportisabotipfal fgmfsaddata =
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Beam Optics Matching

®Based on energy profile, fudge factors, etc.
“*Wire scanner 5 s et

KEEB LINAC Eloctron  @rment Stk Flecfron

measurements -~ | O T e
“*Every several days

< Somewhat affected = . ¥
by background noise T T

(LWL ST
=
"

[ e
3
f
=
-
s,
-
i
-
=

K1 (1m]

“*Matching by a Ce e -
push button 1 B
HWWWWWWTWTWTTH
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Quad Fudge Factor

® Twiss parameter measurement with wire scanners

®Fudge factor determination, last done in 2008

% Orbit Observation
with Single kicks

11 . —
<+ Several iterations 1o E
One wiring error ~ "F E
1.04 . B
was found ; . E
1.0z . =
1;_0:.:.:1‘.:::3.‘: s ¢ 3 . : s 4 % 2 s :__
al:| - LI N E
.953— * _
.943— * L
o 1EIEI ZEIEI SDEI 4EIEI
WP**WWWWHWW%WFMMW
e ;mﬂgﬁmmﬁﬁ PR EE U ERE
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Fast Controls for Three Energy Profiles

€8 driver klystrons with fast phase shifters
“»for overall energy profile and energy spread comp.

&® Acceleration/stand-by for 60 klystrons
“*»for rough energy adjustment, for back-up

€4 energy knob klystrons
“»for final energy adjustment

€ SLED timing of LLRF at 8 driver klystrons
“*»for two-bunch in a pulse energy equalization

&® Parameter change every 20ms is necessary

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 19
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Simultaneous Injection and Fast Controls
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Fast Controls

€~100 parameter switching within 20ms
*Keep most of magnet fields with compatible optics
“*Control lIrf to change energy

®Pulsed magnet triggers and delays
“*Delays to keep the constant rate for certain power-supplies

®LLRF phases and delays
€ Gun voltage and fine delay
®Interface to bucket selection, etc

@®Ethernet-based controls are not reliable enough
® FPGA and fiber-optic RocketlO might be the way ?

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 21



WAQO2010 W A _

-
Event System

€ Many accelerator system require timing signals and

accompanying information (event)
< Several primitive facilities are combined and used at KEKB and Linac
Fast Timing signals are provided with delay module TD4/TD4V
Need timing trigger and rf clock
(Slow) Events are provided in another facility
Combining Hardware and Software
< Event/Timing Systems which distribute the both timing and event are
developed at Argonne/SLS/Diamond, and are employed at many
Institutes (Event Generator/Receiver)
Fast Timing, rf clock, Hardware event, Software Interrupt, can be handled in
one combined system with a single fiber cable
Especially in EPICS, event can be connected EPICS Event directly, so
record/database programming is possible

put/Input
> Event [Event code| —Vl—%ﬁw}—»
R Ev@ﬁt receu' v

enerator > Fanout === 5
g + * Eventrecetve

[ Trigger ] Optical fiber link

Simultaneous Injection and Energy Management
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Timing System

LLRF

Central Timing Station
I 571.2 MHz

Overlaid Four
Timing Event
Signal Lines

1

Sub-Timing Stations at 15 Locations

Sub-Systems, rf, Beam Instrumentations, etc

Old Timing Station

2 0

gl a . o

.1:15{3':

v osw o0 ¥ ] e
4 - -
f 49 -

>

LLRF

Event Generator at Central Timing Station

571.2 MHz Single Fiber
and for
Event /50 Hz each Station

Event Receivers at Sub-Timing Stations

Sub-Systems, rf, Beam Instrumentations, etc

New Event Receiver Station with
16 outputs

.......

Simultaneous Injection and Energy Management
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Event System

€ Simultaneous Injection
“to KEKB-HER, KEKB-LER, and PF
+2.5GeVto 8GeV, 0.1nCto 10nC

& Stable stored beam current at three rings
“*Should improve collision tuning with Crab cavities
“*Should improve the quality of experimental data at PF

@ Fast switching of many device parameters
“*In 20ms / 50Hz
“*Should be reliable because beam power is much different

€ MRF Series 230 Event Generator / Receiver
+VxWorks 5.5.1, MVMES500 (originally with RTEMS but...)

“*Timing precision less than 10ps is sufficient (Tp4 provides 3ps)
“*Multi-mode fiber, and single-mode fiber for longer distance

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 24
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Event System Configuration

® MRF’s series-230 Event Generator / Receivers
® VMEG64x and VxWorks v5.5.1
€ EPICS R3.14.9 with DevSup v2.4.1
€ 17 event receivers up to now

®114.24MHz event rate,
50Hz fiducials

& More than hundred
50Hz-Analog/Timing data

€& Multi/single-mode fiber
@ Timing precision is < 10ps.
% < 1ps with external module.
i/ e~ BT (PF: 2.5GeV, 0.1nC)
~

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

e~ BT (KEKB: 8GeV, 2nC,

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 25
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Synchronization Scheme

for PF
Linac SHB
114.24MHz Flip-flop
PF Flip-
Circumference PF Revolution flop FM-
Correction T Fiip-fiop P AC Line Sync.
Bucket
Selection
for KEKB

Fiducial

114.24 MHz
X5

HER/LER
Injection
Phase Control

g
x5

10 MHz

Rubidium
SG |

\
[ KEKB HER/LER I 508.89 MHz I

X 49

Circumference
Correction

HER/LER
Bucket
Selection

99.39 kHz
KEKB Revolution

571.2 MHz I'l—
2856 MHz p

— 5120

@ Synchronization Req.
+*KEKB : < 30ps
*PF : <300~700ps
®Linacrfis
Synchronized to KEKB rf

®Event Clock is
114.24MHz

€ \We have to manage
“*Circumference

SHB1 Phase
Control

SHB2 Phase
Control

compensation
“*Bucket selection

Acc. Phase,
Timing Control

“*Injection phase controls

Simultaneous Injection and Energy Management

Kazuro Furukawa, KEK, Apr.2010. 26
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Beam Mode Pattern Generation

Pulse 1 Pulse 2 Pulse 3 Pulse n
| Beam Mode 1 | Beam Mode 2 | Beam Mode 3 | ......... | Beam Mode n | n+1 ... |
) ) ) " A <\'
Main event Preparation event
codes for codes for ‘n+1’

® Every pulse (every 20ms) corresponds to a beafh mode
€ 10 different beam modes are defined (for KEKB e+, etc)
€ One beam mode may contain several event codes
“*At least one main code and a preparation code for the next pulse
€ About 50 event codes are defined
“*Some events correspond to many functions, and others to specific devices
€ Beam pattern buffer length (n) can be 2 to 500 (20ms x 500 = 10 seconds)
€ A new pattern can be loaded at the end of the previous pattern
% Otherwise, the pattern repeats forever.
€ Main events and preparation events in sequence
< Main events trigger timing signals
“* Preparation events trigger software to exchange analog and delay parameters

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 27
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Event Manipulation

Human Operator Injection Programs

N p

Arbitrate and Generate Beam Mode Pattern (in PythonTk)
considering priorities of the rings
equalizing pulsed power supply interval
In 4 arrays (waveforms) of length 2 (40ms) to 500 (10s)
each element corresponds to a 20-ms time slot and a beam mode

|

Generate Events for the Next 20-ms Time Slot (in Event Generator)
reading two consecutive elements from the beam mode pattern
generate several events for the next pulse
generate preparation events for the next after next

|

Generate Signals based on Received Events (in Event Receiver)
generate pulsed signals as prepared in the previous time slot
program the signals (enable/disable, delays, etc) for the next
start to generate analog signals for the next

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 28



) E WAO2010 W_{,O\7 _
Beam Mode Pattern Generators

€ Pattern panel arbitrates requests
“» From downstream rings with priorities, or human operators

*» There are several pattern rules due to pulse device features and
limitations

% Pattern arbitrator software was written in scripting languages to meet
daily changes during the commissioning stage

Remote controlled automatic pattern arbitrator Manual pattern generator

o 0 [ = =
File InjPattem-multi V0.4 Vo6
Priority "W base 50Hz _| hase Z5Hz Update:| 2008/04/28 10:51:43 Read
PF-Al e- ~KEKE e- ~KEKB e+ ~PF(CT)e-—-PF-Al e AR e- Uptaial]| 2009/04/26 19:40:23 e
KEKB Read
KEKE 25H | o000 Hz —| | oo00He | 05H: — | 0.000 Hz — | [ e IR T B
AR e- Set | Set | Set | Set | Set | set
PF(CT) e- [ sat-
KEKB e Study [ 12500 Hz || 25.000 Bz 0.000 Hz 0500 Hz || 0.000 Hz it ot - Pattam | Save || Los date || Loo data b
KEKB e+ Study | 12.500 Hz | 25.000 Hz 0.000 Hz 0.500 Hz | 0.000 He o - | Butter - Patta |
- uffer uffer -» m
PF(CT) e- Study ~KEKB e- Study — KEKB e+ Study — PF(CT) e- Study | PF-Al e- Study AR e- Study
PF-A1 e- Study
AR o Sty 0000z —| | 000wz —| | oooowz —| | oooomz —| | ooo0mz | = ”
Set | Set | Set | Set | Set |
| 0.000 Hz | 0.000 Hz 0.000 Hz 0.000 Hz | 0.000 Hz
| 0.000 Hz | 0.000 Hz 0.000 Hz 0.000 Hz | 0.000 Hz
up Down | eam Pal
Read ALL | Set ALL "0 Hz" | Set ALL ||

s A A
Start Value: [1 | End Value: [50 | Al —
| 7 jhal

Ready. ||

KEKE e-
KEKB e+
PFi 3
PF-Al &
AR e-
HNo Injecti
:

“*Typical operation in 2009. s s [ | |
1 ~25Hz for KEKB LER
1 ~12.5Hz for KEKB HER

1-100 | 100-150 l 151-200 | 201-250 251-300 | 301-351

1 2 3 4 5 6 7 8 9 |10 |11 (12 |13 |14 |15 |16 |17 |18 (19 |20 |21 |22 |23 |24 |25

26 |27 |28 |29 |30 |31 (32 33 |34 |35 |36 |37 |38 |39 |40 |4 ? ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
~0.5Hz for PF
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Parameters

& Parameters switching via Event system
“*LLRF phase/timing : 14x4
“*HP RF timing : ~60
“*Gun voltages, picosecond delay : 4
“*Pulsed magnets/solenoid : 14
“*Injection phase : 2
“*Bucket selection : 2
“*BPM : ~100x3

®Basically sufficient for fast beam mode switching
€ More parameters comming

@ Integrity monitors

®Improved slow beam feedback, fast feedback, etc.

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 30
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& Satisfies the requirements
*Event rate : 114.24MHz (bit rate : ~2.3GHz)
“*Fiducial rate : 50Hz
“*Timing jitter (Short term) : ~8ps
“*No. of defined events : ~50
“*No. of recelver stations : 17
“*No. of Fast parameters : ~130

Fie Edi View Seup Utities Applicstions Help G950 wavelams | Tkironse | | ]
3| 3| # ||| | Runvstop | AcqMods [Sample =] Tiig[Extemnal Diect =] 500 o | 2|
Pk I Y R B Ea oA I =[n s

“*CPU stopped 4 times
since Sep.2008 | 2
for 18 stations ’ B 2

: 5. 00ps v
o2 a| ooy BEpov B [man| @ || @& | [Foo000es B 1500 B M 3:24 PM 8/4/2008
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Beam Current

€ Beam currents

k . h . Time: 2010/02/15 09:4627 *T - 0.0 [A-min]
are ept Wlt I n Beam Current: 449 9 [mA] Vacuum ' 2. 1E-8 [Pal
Lifetime - 00 [hours] § 1dt: 70000 [A-h]
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0:0 PF O O5mA (~O 01%) BL13 OPEN BL14 OPEN BL15 OPEN BL16 OPEN
. . BL17 OPEN BL18 OPEN BL19 OPEN BL20 CLOSE
BL21 OPEN BL22 BL23 BL24
BL25 BL2E BL27 OPEN BL28 OPEN
CH1: BM_DCCT:HCUR CH2: BM_DCCT LCUR
| T T | T T | T T T T | T T | T T 16[][] 2010;02;14_:’2010]‘02]‘16
L | L 500 : . . 4000
1110— | | ;
i 450 : : : 13,600
1505 400y R e 3,200
3504 N S —— 2,600
1105 — | | 5 -
i _ <300 e e 12,400 &
- 1590 & 2504 ----------------- 2,000 i
1100 }— I (]| R ----------------- 1,600 E
1504 e e 1,200
| 1985 oot ----------------- LS00
1095— 570} EECEERERREEREE ----------------- 400
L s L Yysgg oM Tode 05714 165 05/14 708 03/18 04 015 1h:ds
42812009
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KEKB Operation Improvement
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Summary

®Energy management of KEKB linac was
successfully applied to simultaneous injection
“*Covers 2.5GeV - 8GeV, 0.1nC - 10nC
“*Beam optics diagnhosis down to ~1%
€ Simultaneous injection to HER/LER/PF was
successful
“*Development and installation for various kind of hardware

“*Another layer of controls based on a fast event system
Pulse-to-pulse reprogramming of event system

& Simultaneous injection
will be the base for SuperKEKB as well

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 34
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LLRF

®LLRF Timing/analog signals are essential for absolute energy,
energy spread, and dual-bunch energy equalization

® Signals are switched pulse-by-pulse
@ Value changes are triggered by a preparation event

@ Driver klystrons (SB), energy tuner klystron (KL), and
sub-harmonic bunchers (SH) are managed
by the event system

B
Fiber VME
Event r VxWorks
EPICS
Event | 1nac| |aDc
Receiver
Analog
Timing > |Irf
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@ Tektronix DPO7104 can acquire data at >50Hz.
**With embedded EPICS

®Beam modes are recognized by events through CA network.
® Clients can monitor data of an interested beam mode.

€26 oscilloscopes are installed.

€100 BPMs are synchronized. (100 BPMs at BT as well soon)

Event %‘&- Position&Charge
Beam mode

Oscilloscope
with Windows
and EPICS

BPM x 4~6

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 37



) E WAO2010 W";\7 _
Measurement and Data Acquisition

€ Originally much efforts to develop Oscilloscope (10GS/sec)

detectors, shaping amplifiers e

“*No budget for all BPMs

€ Switched to direct waveform acquisition -y ul

L L Ch.2
Right| Left
“*Minimized active components, then minimized |
calibration tasks, maintenance Right | L LT

<*Equal-length cables Ch.1 LLD \\\HHM

“+*One oscilloscope covers about 5 BPMs, or Up Down
combined 20 (or 40) waveforms Down

5 -10Gs/s (with additional interpolation)
“*Possible to measure dual bunches
**Solved many issues at once!

**Extract each signal, apply calibration factors,
send to upper layer at 50Hz

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 38
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Embedded IOC on Oscilloscope

€ DP0O7104, 10Gs/s, 4ch, 8bit
“*Windows-XP
“Cygwin software development environment

“*Microsoft Visual C++ 2008
http://www-linac.kek.jp/cont/epics/win32/

“EPICS 3.14.8.2
“*Fast data-acquisition at ~150Hz was tricky, but was possible
“*Event triggers the data acquisition

“*Beam positions and charges are calculated based on ~30
coefficients, and tagged with beam modes

“*50Hz processing is stable at Linac
“*Very efficient for us

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 39
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KEKB Injections "

during Beam Studies at PF and PF/AR
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