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KEKB TOASHY 1 IV ITEH

& BXEERLE (114, 571, 2856, 509MHz) ODLELERL

o KERBEFERDZDHD 10nC YT IV FE—LDINYF Y
» WBES - DRI K DBHUEEFRMNHE (FBREAEE 10.38MHz)

030 EI#MDY VY ITAR/IA I VITRE

» KEKB U VIR 509MHz & DEHBRELE
PF - PF-AR [SASRAEEL <BWed, BARORHITRER

¢ B RMIE(E KEKB « PF - PF-AR CHRiL
+ KEKB (& 4x10-7 Z{t, PF. PF-AR (% 4~20x106 2%

0 1 JVN)LR 2 INVFASH
» KEKB - Linac £ @R%% 10.38MHz (=96ns) k=

0 KEKB HER/LER & PF (X[@E& Top-up EErZzEIR

* KEKB & PF-AR [FE—ARSYRIR— K S4 VHi@E
RIRFASY (FATJFE

I-I-I

S:l,ﬁv.';
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KEKB TOE—

LoEIR

¢®KEKB HER. LER KRkU' PF NDERFAS

L=V
ﬁJ‘b‘%

VI DERAGFEE ZFHHF L 50Hz E—

Remote controlled automatic pattern arbitrator

File InjPattem-multi v0.4
i~ Priority W base 50Hz _{ base 25Hz Update:| 2009/04/28 10:51:43
PF-Al e- I\ | -KEKB e- ~KEKB e+ ~PF(CT) e- ~PF-Al e- AR e-
KEKB e« 25Hz — | 0000H — || o0000Hz —| | o05Hz —| | oo00Hz |
KEKB e- 2 . Z - A FAR E Z - R F A
AR e- set | set | set | set | set |
PF(CT) e-
KEKB e- Study 12.500 Hz 25.000 Hz 0.000 Hz 0.500 Hz 0.000 Hz
KEKB e+ Study 12.500 Hz 25.000 Hz 0.000 Hz 0.500 Hz 0.000 Hz
PF(CT) e- Study ~KEKB e- Study—-KEKB e+ Study—-PF(CT) e- Study—-PF-Al e- Study—-AR e- Study
PF-Al e- Study
R e Sty 0000H — || 0000Hz —| | o000z —|| ooo0Hz —|| oo00Hz —|
| 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
Read ALL | Set ALL "0 Hz" | Set ALL ||
Ready. lj

‘*Recent typical operation.
1 ~37Hz for KEKB LER (3.5GeV e+)
~12.5Hz for KEKB HER (8GeV e-)
1~0.5Hz for PF (2.5GeV e-)

Super

Manual pattern generator

bxy

File Injection Pattern Panel : LIEV

v0.6

Read

Update : | 2009/04/26 19:48:23 Read Pattem & Buffer | Save |
Read
‘ Start INDEX:| 1 End INDEX:| 100 ‘

Set
Update : Set-> Pattem | Save | Loaddata | Load data & index

Buffer

Update : Set-> Buffer | Buffer -» Pattem |

Index

‘ Buff : Start INDEX : |1 End INDEX : |100 INDEX -> Buffer ‘

Beam Pattem | FP21T Pattem l

KEKB e- KEKB e sumy
KEKB e+ KEKB e+ Study
PF(CT) e- PF(CT) e smay s
PF-Al e swuy

[ ARe-Study | s

Set Beam Pattem

Start Value: 1 End Value: 50 Al

Beam Mode : KEKB e- —|

ERRR BER BS8 EER BER

- EEE B=8 ESE BEE EEE E=E

51-100 l 100-150 | 151-200 | 201-250 | 251-300 ] 301-350 l 351-400 l 401-450 | 451-500 |

1zrrrrrrrmwwmmﬁmWWWWaﬁﬁun
E

47484850

Hil
S

(~25Hz
~12.5Hz

~0.5Hz

- V KEKB
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KEKB OE—L - )UT v MEIR
O /N )L RAERDFHEREI S E—LAGREREICH
fRHVED D
OV YVIRINTY MERIEVNWY M= VT &FH
JRIZICU VY ITADINYFEBRDDIZWVINT Y
CAFRTEDIM VT %ER
< KEKB (& 509MH2 5120 /)\T v +%ZHD
< Linac - Ring :8RKk% 10.38MHz (X 49 /\T v
(96ns) (CtHZ
< &R 5120 x 96ns = M 500us [FOELTD/I\T v
N&#EIRTED

upe
‘‘‘‘‘‘‘

) B
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KEKB % 1 = >/ [cHARAR

for KEKB

KEKB HER/LER

€ Synchronization Req.
+KEKB : < 30ps
*PF : < 300~700ps

Clock
Circumference SHB1 Phase
orrection ontro H H
i x: oo @®Linac rfis
> Conttor Synchronized
A 2 HER/LER
Variable SG 10 MHz Injection X5 :ACC Phase t KEKB rf
S-G Phase Control . Timin-g Contr’ol O
Rubidium 7275 ‘EVGI’It CIOCk iS
3G 508.89 MHz
—~ 114.24MHz
e Solotor # We have to manage
oo <Circumference
for PF compensation
Linac SHB . o
<*Bucket selection
(o “*Injection phase
Circumference ,
Correction PF Revolution

Bucket
Selection

controls

* SuperKEKB Beam Scheduling

Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 5
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ARY I IV TFHAS 2T LD

® MRF’s series-230 Event Generator / Receivers
¢ VMEGB4x and VxWorks v5.5.1
¢ EPICS R3.14.9 with DevSup v2.4.1 *114.24Mhz event rate,
& 17 event receivers up to now 2l eluelale
P & More than hundred

50Hz-Analog/Timing data
€ Multi/single-mode fiber
€ Timing precision is < 10ps.
“» < 1ps with external module.

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

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

Cont:5| e~ BT (KEKB: 8GeV, 2nC,

Event Receivers PFAR: 3.0GeV, 0.1nC)

e*Aarget

Super

" SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 6
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@ Specifications

wEvent rate : 114.24MHz
Bit rate : ~2.3GHz

<Fiducial rate : 50Hz

< Timing jitter (Short term) : ~8ps
<*No. of defined events : ~50
<*No. of receiver stations : 17 '
+No. of Fast parameters : ~130ccccc...||

i
S| £ {15 2| Funsston | scaMode [Sanele =] TrigEnemaiDiect =] Fooomy B Ao [ R2] | E
n L it 1

| [50.00mvs E [o.ov E W @Q & ]50 DDUOps|1S 015n BE” 3:24 PM 8/4/2008

Super
- 1 KEKB

' SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 7
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Event Generator

®RF Clock (3R7E(X 114.24MHz H 571.2MH2)
& 50Hz Trigger (Fiducial) #2373

#50Hz Trigger (& Event Generator B&I(C &K o
TE(EIN Tz (Super)KEKB e-/e+, PF, PF-AR
DSEDENHDILRECEHIL TULVSD

& Z®D Trigger (CERHAL T, ZDH0LERSSICXIE L

/= Beam Mode Z={E% Event Sequence %
114.24MHz (CRIFAL THEOD BT

s
SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 8
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EVG-EVR D=

®114MHz Clock #IC 16bit DigEHRZxDO BT

¢ 16bit (X 8B/10B T Encode =+, 20bit @
Bit 3l(C/3® (9 2.3GHz)

€ 16bit ®> 5 8bit (& Event code (DXD
8.5ns B(C—D®D Event hYiENB)

O %D D 8bit (FBHRTELEDEVLVAD D D',
KEKB T(X{ER UMD o7=. SuperKEKB Tl
(B9 3FE

B
SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 9
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Event Receiver

OEvent T MEITDEBHIDREICK > TEHD
BEZRCIT CENTED, 2DS55 KEKB T
E@ L7z 2 1&¥8

®CPU (CEIDAHZHFD. FNZE 19ms D
Pulse ® Beam mode Mg EER L. DAC
B Delay [EZKTET Do TD X SBRENNLBE
O T 150 LlEH D, #NEFN 11 mode
HBo

OHEMUBDIBAUTz Pulse £7z(X Level 5%
FHEI D, AHFBE(SE 10ps BE

\\KEKB
SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 10
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Human Operator Injection Programs

N pd

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

Supe
- 1 KEKB

" SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012.
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€ Controls and instrumentations are essentially mode-dependent, and
mutually independent

® Selecting a real machine out of three virtual machines
<+ Managing three parameter sets

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

PF Injection
\ e* Target
Oms

Event-based  ° ( L ——
Control System /Z KEKB-LER Injection

Primary e- (4GeV, 10nC

\ e* Target
e~ Gun

KEKB-HER Injection

e* BT (KEKB: 3.5GeV, 0.6nC)

et Target

e~ BT (KEKB: 8GeV, 1.2nC)

m Super
={. ) .KEkB

2t SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012.
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SuperKEKB N\ (Di&3&

®SuperKEKB D7/ E—ALARF—LA
CEBEIZSYYVYRKRERAFE—LDEE
« BFIFT+ LAY —K RF BF# (7GeV, 5nC)
" BREFEHEROIYIVOEEETVEY T VT
140 BOIN=/ 2T 4 KEKB |SuperKEKB
CHVEVT) VT D e er e e

" RF J£3 ,&ﬁ@ﬁjﬂ 8GeV 3.5GeV 7GeV 4GeV
—— 1nC 1nC 5nC 4nC
=B Y THDER 100um 2000x  20um  10um
< PF-AR A& m

" KEKB & E—A KRS YR — %4 2bunch 2bunch  2bunch  2bunch
E—AYIDMZ EAFIC 5-10 DEELE
..." SuperKEKB DE—AFHTFRIK 10 7 —> REROPUTHNET SRl

= SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 13
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SuperKEKB 5> VTV V4 (DR)
2 JXUFIULR, 2 JULREIRNS

®c
- o KEKB
Primary e~ (4GeV, 10nC e* BT (KEKB: 3.5GeV, 0.6nC)
e+ 2bHz e- 25Hz 0)17%% e* Target

Fi¥ | D.R |
e+ 1 e+ 1 l
e-2 e+ 1 e-2
e+ 3 e+ 3,1 e+ 1
e-4 e+3 e-4
e+ 5 e+ 5,3 \e+ 3

e— 06 \e+5 e- 06

e* DR (1.1 GeV, 4nC)

e~ Gun

SuperKEKB

Primary e~ (3.5GeV, 10nC e+ BT (KEKB: 4GeV, 4nC)

et Target

Supe
- KEKB
O wiest SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 14
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yEVITUVTD RF

XL VUYVT (MR) I\ v EIR
% MR (& 509MHz 5120 /\&T v kZE#&D

< Linac - MR 1

Sl

BE 10.38MHz (X 49 /T v kB3

“ B]RA 5120 x 96ns = 1 500 us FO2ELTD/\T v L 2R

‘C%%

®RF &£ LT 10.38MHz OEHEZ:E LSV E LD

KXDhH=5(CB

BE( TS

< 509MHz, 571 MHz 73 £ (3 O] &
% 476MHz, 714MHz 73 E (FBRA TR L)

OCW OSARAMOVEDERZZEZDE 509MHz =3
R EDHEY EE

duper

2DND
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SEVTVUITDI\—EZ v IO
€1 VLR 2 INVFAHDINYF@EFE 96ns  >196ns
OANLHFYH—IUBEENDIIETHD ~100ns
®/\—FE=ZwvHO¥

% W< &H ~200 (5 400ns)

S XA UYT (MR) DI\—FEZwo# 5120 (/=&

5120x49) & BHFEHBIRDE LN EHEFR ULY
*ANE (JVLREY 2L —9) ODERXFGFERBE 2ms

< BRRIEBARFGFEE 500us THI N, TEMHHFBTEICEL-OT
X 2ms EEEET“EJ'E‘E

s
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S>> (DR) - Linac - SuperKEKB XU >4 (MR)

®Linac B¥DHBZETE Y 2B ESDAGHEIRTIE MR /\T v MK

..;\ —EZwoO¥ hDR=224. v Hh—3I5 LMD 96ns & LT 2ms LI TIRT B

D

49*2 ~ hDR-49 T 1760 1@ (1 /\YFAH)
49*2 ~ hDR-49*2 T 662 @ (2 /\>F AH)

+hDR=225, 2ms LIN

49*2 ~ hDR-49 T 2123 1@

49*2 ~ hDR-49*2 T 1008 {&@
+hDR=223, 2ms LIN

49*2 ~ hDR-49 T 2096 {8

49*2 ~ hDR-49*2 T 971 @
+hDR=230, 2ms L

49*2 ~ hDR-49 T 5120 {8

49*2 ~ hDR-49*2 T 3065 {&@
+hDR=245, 2ms LIA

49*2 ~ hDR-49 T 2048 {8

49*2 ~ hDR-49*2 T 1024 @
+hDR=252, 2ms LIA

49*2 ~ hDR-49 T 4986 &

S.’l'm'r' E 3 t

\ JKEK -
“st SuperKEKB Beam Scheduling

Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 17
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SEVTV)IITDI\—FEZ v O

*RENZARKRTEBRBEOXRELR/I\—EZ
230 ZE R EhEHEHERBDPLND

wO¥EUT,

O ZDAETEEBIRTEZRW T Y MZDODWTH
< DR 5. Linac 2¥DMiBZ/VULRBICEETS

+ DR BEPIC DR i8ZzXEEI S
¢ &I N(IBEIROTEE

< AIEICDWVWT, BFEDUDOBZI DRI NICEXMBER(E

R

122 UBIREIE(I TR LLRF OERYE LB ERD

» ZEFCDWVWT, RD/NILR EDEREFEEFRD:

22X 2D TAF

S WAEHEBULTELEIFSH LKLY (Review committee)

duper
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PF-AR O A&

0 PF-AR ODE—A S Y RR— (3 SuperKEKB & 3@
+ 10 D TUID|AZIAS., F72(E 7GeV e-. 4GeV e+

OSuperKEKB DE—LFaopH 10 pEEERELCH. PF-AR A\
DY) O AZ NS (S Belle2 DEEEPUTZELRT S
0 SEVITUYIREBD 4GeV BEFRIFASTDOIEEM ?
» BRR2IEHYS Top-up (EAT]
0 PF-AR DOEKM1E(X SuperKEKB &J3Riz
» PF-AR @ RF (3 Linac & EHEIRICHEL (BIEE 4x10° vs. 4x107)
01%,.\\0)]\§EHE$ (300-700ps fBE 2ms LIRA) (. FvEVT U
VO%ERBRBITDEN 1/11 [CIRBHDAROJEETII/RLY
¢ \)LRZFEWTHRIEAZ#IG I 27-O AHEF(C(IAKEZ Linac
[CXUTE E?‘%M\E
® (AHFHIRILF¥X—(T Belle2 EERICHKTE)

‘\‘;’n.'v
- VKEKB
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ANRY YL ZIVTHIEY R T LADEERK

®KEKB [CH UL\ T

1 REDARYNILZIVITIVRAT A

@ )N w MEIRY R T AT IR
@ SuperKEKB (CHEWLT

<+ VL ABOEKFRFRIEZ D

o RKEM (~20ms x n) DELEDEIBHNE

< Linac B EB¥D 2 RO HRT — R¥ERITANRY

NIRRT LA (?)

S INTY MBIRVY AT LA ES— K EDIHE

Juper
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Linac

- DR

®Linac @ RF {iiif8& DR @ RF {i748% Pulse &
(20ms) [CEE T DoJEEEN DD

CEFR
EVG > EVR

EVG > EVR - Dedicated Ethernet (CA) > LLRF nTCA
EVG (= EVR) > 8bit digital I/O ~4 bytes > LLRF uTCA

% 18ms <SU\RTICROE S

duper

ROVUBZIETEDDD

B
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Others compatible with MRF

¢ Efforts by RF group at Linac (=5, ki@, #EEF)
< EVR for synchronized RF monitoring

¢ BNL embedded EVR (NSLS?2)

" SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 22
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xEO
®KEKB DERIFAG Y1 I VT EHBRUGH S,
SuperKEKB 05V EV T VT %#EDHTASH
N ZVT%&RET LT
O®PF-AR HEHTAHTRT I 21— )L DRERL (LTI EE
ORERRHEOH T, FVEYTUVITDEEH
EATWND
RV KMHEHRTALE LLRF Y RF7 A (FFIC
ERME) OFF DR EikEtg D

s
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Simultaneous Top-up Injection Results

€ Beam currents
are kept within

Time: 2010/02/15 094627 4z - 00  [A-min]
Beam Current: 449 9 [mA] Vacuum : 2.1E-8 [Pal

Lifetime : 00 [hours] § Idt: 70000 [A-h]
S
*%° KE KB 1 mA (~0.05%) BLO1 CLOSE BLO2 OPEN  BLO3OPEN  BLO4 OPEN
BL0SOPEN  BLIOOFEN  BLHOPEN  BLISOFEN
* o
¢ . ~U. BL13 OPEN BL14 OPEN BL15 OPEN BL16 OPEN
¢ PF O 05mA ( 0 01 /0) BL17 OPEN BL18 OPEN BL19 OPEN BL20 CLOSE
BL21 OPEN BL22 BL23 BL24
BL25 BL26 BL27 OPEN BL28 OPEN
CH1: BM_DCCT:HCUR CH2: BM_DCCT:LCUR
— T T 1 1 1600 2010/02/14 — 2010/02/16
- ‘ . 500 T - ; 4,000
1110}— ' . E E i
: 450 : — : — 13,600
* 1595 4001 """"""""" 13,200
1105 T L 12,800 _
i 1 Z300f e 12,400 5
: —{1590 F 2501 e 12,000 8
1100 e e B 1,600 £,
| G- e 1,200
| e 1 e e 1800
10951= e e 1400
[ R | O I AN Y U R 7.0 02/%4 1045 0Z/14 1646 02/14 2245 03/15 04d6  0Z/15 1b:45
4/28/2009

=) keko
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Three-fold Independent Closed Loops

€ Feedback loop software act on one of three virtual machines
< Managing independent parameter sets

ey :—}v: 2.5GeV, 0.1nC)

e~ Gun

PF Injection

Event-based
Control System

et Target

e~ BT (KEKB: 8GeV, 1.2nC)

Super
() KEKB
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