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KEKB TOE—

LoEIR

¢®KEKB HER. LER KRkU' PF NDERFAS

L=V
ﬁJ‘b‘%

VI DERAGEE ZFHFEL 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.
~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

L7%:

JKD

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

1 ~25Hz
~12.5Hz

~0.5Hz

- P KEKB
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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
—_— - como ) @ Linac rf is
] — > Centtor Synchronized
Variable SG 10 MHz Injection x5 :]ACC — t KEKB rf
=G Phase Control . Timin-g Contr’ol O
Eaubidjium - *275 ®Event Clock is
SG -
— 114.24MHz
JRCETTN Selocton 4 We have to manage
revolution < Circumference
for PF compensation
Linac SHB . .
“Bucket selection
[ er “*Injection phase
Clggrr:ggtrii:ce PF Revolution

Bucket
Selection

‘\b“/"V,'l
1 KEKB

controls
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® MRF’s series-230 Event Generator / Receivers
¢ VMEGB4x and VxWorks v5.5.1

. ®114.24MHz event rate,
¢ EPICS R3.14.9 with DevSup v2.4.1 50Hz fiducials

# 17 event receivers up to now #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
- 1 KEKB
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Linac Event System

@ 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

;

= O

<*No. of Fast parameters : ~130.ccwccrmc s |
e || | 2| Runsstop [ AcqMode [5am
Pulse m

ple ] TriglEremalDiect =] ooy BES] Ao [ K2 |0 @
L it 1

ssssssss

| [50.00mw E oov E W @ | & | [ro0000es B [1s0en BE” 324 PM 8/4/2008

={ \KEKB
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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

.\.‘/,n.':
- 1 KEKB

SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012.



-©

€ 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)
Super
- ' KEIKB
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SuperKEKB N\ (Di&3&

®SuperKEKB D7/ E—ALARF—LA

SIEIZSVIYIVRAKERAFT E—LDEE
1 BFE 74 MHY—F RF F# (7GeV, 5nC)
" BEFIIHELOIYIVDREETVEY TV TIE

140 DI/ T4 m
LTI VT VT DR e
 RF EBEZ%I@E?R 8GeV 3.5GeV 7GeV 4GeV
. . 1nC 1nC 5nC 4nC
ﬂPIF\_AI_:'{_ )\J ;J%IG)JETR 100um 2000y 20um  10um
o3 - m

" KEKB &EE—AKS \le—l{_ ~ %4 gl_)l_mch 2bunch 2bunch 2bunch
E—AYIDBZ EAGHIC 5-10 D ERLE
SuperKEKB M E—LAFHFHK 10 0 — EERODPUTHEE T ShRLy

Super
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SuperKEKB 5> VTV V4 (DR)
2 JXUFIULR, 2 JULREIRS

®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- 6

e* DR (1.1 GeV, 4nC)

e~ Gun

SuperKEKB

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

et Target
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Sl
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FSEVITIVITDIN—EZ

®1 /)VULR 2 )XY FAHDI\YFEE 96ns

SANEHFYH—IUBEENDIZIETHD ~100ns

O/\—FE=-wvH¥
o B EH ~200 (= 400ns)
@ XLV YUYY (MR) DI\—FE=wH% 5120 (7=

5120x49) & BB BHEIRDEULC EHVEFX L LY
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X 2ms EEEK’C_J e
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YT (DR) - Linac - SuperKEKB X1 > U >4 (MR)

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

..;\ ETZw OB hDR=224, v H—35LEHD 96ns &L T 2ms LIRTIETIH

D

149*2 ~ hDR-49 T 1760 {8 (1 /\YFAH)
149*2 ~ hDR-49*2 T 662 & (2 /\>FAH)

+hDR=225, 2ms LI

149*2 ~ hDR-49 T 2123 @

1 49*2 ~ hDR-49*2 T 1008 &
+hDR=223, 2ms LI

1 49*2 ~ hDR-49 T 2096 {@

149*2 ~ hDR-49*2 T 971 {8
<+hDR=230, 2ms &

1 49*2 ~ hDR-49 T 5120 {8

149*2 ~ hDR-49*2 T 3065 {&
+hDR=245, 2ms LIN

149*2 ~ hDR-49 T 2048 @

149*2 ~ hDR-49*2 T 1024 {&
+hDR=252, 2ms LI

149*2 ~ hDR-49 T 4986 &
49X =4O*
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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—LFopH 10 pEEERELCH. PF-AR N\
DY)D X AGT S Belle2 DEERPHTEELRT D
0 SYEVTDVTEBAD 4GeV GEFRIGASDOJEEM ?
» BRR2IEHS Top-up (FAT]
0 PF-AR DORRMIE(X SuperKEKB &3hiz
*» PF-AR @ RF (& Linac &E#EIRICHELY (HIEE 4x10° vs. 4x107)
01%,,“0)]\%6@3 (300-700ps BE 2ms LIA) (&, FvEVTU
VOERBRBITDEN 1/11 [CIRBDDAROJEETITAL)
¢ N)ILR%ZBW\WTH[EHAZ G I DO AGHEICIEERE % Linac
[CX U TE i?‘%%\%

& (AFHIRILF—(Z Belle2 EERICHKTE)

SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012. 16



-'{-r!.{ ) V)

ANRY YA ZIVTHEIEHY AT LDORERK
®KEKB [CHEWT
@1 BBEDANRYKIMIZVITIRT A
< )NT v MBIRY R T A F3IRT
@ SuperKEKB (CHEWLT
“ IN)LRABEDEKFRRHIEZ S
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< Linac BIE EE¥ED 2 RO HRT — RERILANRY
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Linac - DR

®Linac ® RF {i7tfB& DR @ RF {iz#B% Pulse &
(20ms) [CEE T DoJEEEN DD
AREFE
EVG > EVR

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

<+ 18ms <SUV\BICROEHREFOUBZEHETEDIH D

] ki-;"(:h'
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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)

_H‘/\::_v
- 1 KEKB
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®KEKB DERIFAG Y1 I VT EHBRUGBH S,
SuperKEKB 05V EV T VT %#EDHTASH
N ZVT%&RET LT
®PF-AR HBEOHTARRT Y 21— )LDERK (I O] 8E
SRR RHEH T, FVEYTU VT DEKEH
EATWLND
NV KMHEYRTALE LLRF Y RF7 A (FFIC
ERME) OFF DR EikEtg D
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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

- V KFKB
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Three-fold Independent Closed Loops

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

ey 1—}?& 2.5GeV, 0.1nC)

PF Injection

Event-based
Control System

\ =_ = e* Target

et Target

KEKB-LER Injection

4GeV, 10nC

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

Super
- 1 KFKB
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