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Electron Accelerator Complex

E Linac clients LA A
PF‘AR #. S
X KEKB (Advanoean;gfor s b

pulse X-rays

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

(with 10nC primary ef)
x PF 2.5-GeV el 0.1nC
x PF-AR 3-GeV el 0.2nC
E At first simultaneous § R | i 2
top-up injections to three rlngs at KEKB and PF
x Switching beams at 50Hz
x For stable operation and higher quality exp. results
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Operation

E Operation groups at KEKB and linac
x Overlapped groups
x Many attend commissioning group from eq. groups

x Daily KCG meeting
' ZKB

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

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

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

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

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

x 10~120seconds per switching
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Requirements

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

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

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

E Approx. 1000 devices in linac

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

E 20ms beam switching became the solution
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Hardware and Operation Improvements

E Separate BT for PF (2005)

E Pulsed bending magnet for PF (2007)

E PF beam from common gun (A1) (2007)

E Beam charge safety interlock (2007)

E Event-based fast control system (2008)

E Pulsed steering magnets (2008)

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

E Multi-energy linac optics (2008)

E Simultaneous injections (Apr.2009)
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Linac Energy Profile
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Linac Energy Management
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Power Management

E Power management at each power source
x of 60 50-MW power sources
x In order to maximize the power

x 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

E Some sources will be stand-by state

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

E Energy conversion
x Energy gain = constant x sqrt( power )
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Cavity and Klystron Database

E Updated on replacements of klystrons and cavities
x 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
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4 |4 C [13.35 0.93834 " - 0.00000 " " " " 404 0 214 " 3472
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2 |H  E |13.35 0.93834 " - 0.00000 " " " 482 ™ 255 3918
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Crest Phase Calibration

E Each power source with slow phase shifter

x 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

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

x Result Is saved as areference to other software

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

WAO2010
W/\ -

207

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

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

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

x Not to enlarge the energy spread \‘ ’/
o o

Two klystrons are grouped
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Two-bunch Energy Equalization

E Two bunch in a pulse
x Energy compensation
Depending on beam charge
E Fast timing adjustment
x Automated measurement

x 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]
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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

E Based on energy profile, fudge factors, etc.
x Wire scanner 5 s et
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Quad Fudge Factor

E Twiss parameter measurement with wire scanners

E Fudge factor determination, last done in 2008

x Orbit Observation
with Single kicks

11— . _:
x Several iterations - :
One wiring error ~ "F E
1,04 . B
was found ; . E
1.02F . E
1;_':.:.:".:::3'.: . U PP A P N
a8~ > ., E
.953— * _
.943— * L
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Fast Controls for Three Energy Profiles

E 8 driver klystrons with fast phase shifters
x for overall energy profile and energy spread comp.

E Acceleration/stand-by for 60 klystrons
x for rough energy adjustment, for back-up

E 4 energy knob klystrons
x for final energy adjustment

E SLED timing of LLRF at 8 driver klystrons
x for two-bunch in a pulse energy equalization

E 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

E ~100 parameter switching within 20ms
x Keep most of magnet fields with compatible optics
x Control llrf to change energy

E Pulsed magnet triggers and delays
x Delays to keep the constant rate for certain power-supplies

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

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

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

E Many accelerator system require timing signals and
accompanying information (event)

x 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
x 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

—— 43
Output/Inpuf
> Event Event cod }
enerator > Fanout === Eventreceiver >
| Trigger J + f Event receiver >

Optical fiber link
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Timing System

LLRF

LLRF

Central Timing Station

50 Hz

-

Event Generator at Central Timing Station
I 571.2 MHz

Overlaid
Timing
Signal

—

— 1

571.2 MHz Single Fiber
and for

Event B
Lines : Event / 50 Hz each Station

Event Receivers at Sub-Timing Stations

Four

Sub-Timing Stations at 15 Locations

Sub-Systems, rf, Beam Instrumentations, etc

Sub-Systems, rf, Beam Instrumentations, etc

= —

Old Timing Station

‘_ -
De &l . I

v osw o0 ¥ ] e
4 - -
f 494 -

New Event Receiver Station with
— 16 outputs

» 0

.1::5{3':

Simultaneous Injection and Energy Management Kazuro Furukawa, KEK, Apr.2010. 23



_ E, WAO2010 W’f\‘7 _
Event System

E Simultaneous Injection
x to KEKB-HER, KEKB-LER, and PF
x 2.5GeV to 8GeV, 0.1nC to 10nC

E Stable stored beam current at three rings
x Should improve collision tuning with Crab cavities
x Should improve the quality of experimental data at PF
E Fast switching of many device parameters
x In 20ms / 50Hz
x Should be reliable because beam power is much different
E MRF Series 230 Event Generator / Receiver
x VXxWorks 5.5.1, MVMES500 ( ori gi nally with RTEMS but é)

x Timing precision less than 10ps is sufficient (Tp4 provides 3ps)
x 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

E MRFOs s280EventsGenerator / Receivers
E VMEG64x and VxWorks v5.5.1
E EPICS R3.14.9 with DevSup v2.4.1
E 17 event receivers up to now

E 114.24MHz event rate,
50Hz fiducials

E More than hundred
50Hz-Analog/Timing data

E Multi/single-mode fiber
E Timing precision is < 10ps.
x < 1ps with external module.
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