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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- ~KEKB e+ ~PF(CT) e- ~PF-Al e- AR e-
KEKB e+
KEKB o 0000H — || o0000Hz —| | o05Hz —| | oo00Hz |
AR e- set | set | set | set |
PF(CT) e-
KEKB e- Study 25.000 Hz 0.000 Hz 0.500 Hz 0.000 Hz
KEKB e+ Study 25.000 Hz 0.000 Hz 0.500 Hz 0.000 Hz
PF(CT) e- Study ~KEKB e+ Study—-PF(CT) e- Study—-PF-Al e- Study—-AR e- Study
PF-Al e- Study
a8 o Shady 0000H — || 0000Hz —| | o000z —|| oo00Hz |
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
Up Down
Read ALL | Set ALL "0 Hz" | Set ALL ||

Ready.

|

‘*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

LoEIR

Manual pattern generator

Injection Pattern Panel : LIEV

Read

Update : | 2009704126 19:46:23  Read Pattem & Buffer | Save |
Read
‘StarllNDEx: 1 End INDEX: wn‘

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

bxy

il

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

Buff : Start INDEX: [T End INDEX:[100  INDEX-> Buffer

Beam Pattem | FP21T Pattem ]

KEKB e- KEKB e Smdy SHER
KEKB e+ KEKB e+ Study

PF(CT) e- PF(CT) e- Study | S \

Start Value: 1 End Value: 50 AII

PF-Al e- PF-Al e S!udy
AR e- AR e- Study S

No Injection |

Beam Mode : KEKB e- ~|
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KEKB HER/LER
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+PF : < 300~700ps
¢®Linacrfis

SHB1 Phase
Control
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JICEERITE S #We have to manage
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Linac SHB . .
<+ Bucket selection
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Correction
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¢ APS/ANL
< [@#h Cable IC 10MHz Clock & 8-bit Event info. Modulation
< EPICS soft event &S
0 SLS/PSI
- FPGA & SFP R4 #Hii%Z APS system OB =X (A (MRF 110 series)
. & 5(C Diamond KD 7= (L (MRF 200 series)
< 5 (cBhE. Platform 3850 (MRF 230 series)
¢ KEKB
< NEEEBED 8-bit Event system. B A. T~ BEHACER
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< FPGA &BEENZEIT 16-bit Timing £'Ec system
¢ Linac
< L#). Beam #0DiRL Timing 7238 Cable T@%0
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® 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 20l el e
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
- ] |KEKB
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Linac Event System

® Specifications G e 8

+Event rate : 114.24MHz il

Bit rate : ~2.3GHz i

+Fiducial rate : 50Hz DI B oot peroue

< Timing jitter (Short term) : ~8ps S e

+No. of defined events : ~50 |

<*No. of receiver stations : 17

<*No. of Fast parameters : ~130

File Edit View Setup Utilies Applications Help |2950 Waveforms |
a
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Event Generator

®RF Clock 3R 114.24MHz H 571.2MHz)
& 50Hz Trigger (Fiducial) =32 (7%

#50Hz Trigger (& Event Generator B&I(C &K o
TREEIN T (Super)KEKB e-/e+, PF, PF-AR @
SEDENDDINLERSZICRIHAL TULND

& ZD Trigger [CERHAL T, ZDILRSICH LT

Beam Mode Z{E% Event Sequence %
114.24MHz ICRIFAL TEO BT

\ \KEKB
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EVG-EVR BDX(mXRE
#114MHz Clock #(C 16bit DEHREXO BT

¢ 16bit (& 8B8/10B T Encode =11 20bit @ Bit
HCTxd (19 2.3GHz)

€ 16bit ®5 5 8bit (& Event code (DFXD 8.5ns
F/(C—DD Event HhhxEN D)

5% D D 8bit (KB TEBDELADH D,
KEKB TlIfEAR LB > 7. SuperKEKB Tld{E
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B
SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012, Oct.2012. 10



-«

Event Receiver

®Event ZX{EIT D EEFDFREICK > THEHMDE

BRI CEDNTED. D55 KEKB T

ALIEDX 2 884

®CPU (CEIDAHZHFTD. ZNZ 19ms B D
Pulse @ Beam mode Dfs~&EERL. DAC {8

¥ Delay {E%ZKET Do TDLIEE

i

BYIREE D

2T 150 U EHBD. ZNZFN 11 mode H B,
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SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012, Oct.2012. 11



E— AR ~OHED KLY

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

Super
- 1 1KFKB
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12



©
3 DDRBILESEDYIDIRZ

4 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  ° ( = ——
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)

N Super
et }.KEKQ

ot SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012, Oct.2012.
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®SuperKEKB D7/ E—ALARF—LA
CEIZIVIVAKRERAFTE—LDEE
« BFIET A R HY—R RF BFH (7GeV, 5nC)
" BEFEIBELIYIVDEEET VEY T VTIEK

< 40 fEDILZ /YT 4 KEKB |SuperKEKB
SuperKEKB
S IVEVTU VT DFET . IR or

= RF BRE DR 8GeV  3.5GeV 7GeV  4GeV
o J\N—FZ v ODEIR 1nC 1nC 5nC 4nC
ot PF_AR )\%‘J 100um 2000n  20um  10um

m

1 KEKB & E—A RS Y RMN— %9 2bunch 2bunch 2bunch  2bunch
E—LAYIDBZ &EAHIC 5-10 MEEHE
~+ SuperKEKB @ E—AFaw Tl 10 53 — REROPUIHE(T SR
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SuperKEKB 5 > EY >72 (DR)
@2 JXYFIULR, 2 JULRERS

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

S
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S>> (DR) - Linac - SuperKEKB X1 > U >4 (MR)

®Linac %2

DB ZE

o

EY DB DAFRERTE MR /(T v L&

SIN—FZw O hDR=224, *wvH—IIELEHD 96ns & LT 2ms URTIRTIEE
149*2 ~ hDR-49 T 1760 1@ (1 /\>YFAL)
149*2 ~ hDR-49*2 T 662 1@ (2 /\>FAH)

+hDR=225, 2ms LI
149*2 ~ hDR-49 T 2123 @

149*2 ~ hDR-49*2 T 1008 &

+hDR=223, 2ms LA

149*2 ~ hDR-49 T 2096 {&
149*2 ~ hDR-49*2 T 971 {8

<+hDR=230, 2ms LA

149*2 ~ hDR-49 T 5120 {@
149*2 ~ hDR-49*2 T 3065 1@

<+hDR=245, 2ms LI

149*2 ~ hDR-49 T 2048 @&

49*2 ~ hDR-49*2 T 1024 &
“hDR=252, 2ms LI
149*2 ~ hDR-49 T 4986 &

149*2 ~ hDR-49*2 T 3447 (&
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0 PF-AR ODE—AL K SV RR— & SuperKEKB & 3@
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OSuperKEKB DE—LFomH 10 nEEEE V=0, PF-AR A\D
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0 SEVTUYTRBREBD 4GeV BEFRIFASTDOIEEM ?
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Linac - DR

®Linac ® RF i7tB& DR @ RF {i748% Pulse &
(20ms) (CESE I DoJgetED dD B

CADEFER
EVG > EVR
EVG > EVR = Dedicated Ethernet (CA) > LLRF uTCA
EVG (> EVR) > 8bit digital I/O ~4 bytes > LLRF uTCA
EVG > SFP Event Link > LLRF nTCA (SFP 183&)
Linac LLRF monitor TORFEBRZFIA LU TR BT o7
<+ 18ms <SL\HIICRDBHRIGFDUBZIEHETEZSDIHH

Event :@%0& Shared memory 18 (C KX 2 15RER%
WH % SFP 2B T 2.3Gbps M Bit stream [CFEH S (MRF {23EHaE
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Other compatible hardware with MRF
¢ Efforts by RF group at Linac (=K, F1K, MEEF)

< EVR for synchronized RF monitoring
®Embedded EVRs at NSLS2/BNL, LCLS2/SLAC, etc

¢ SINAP VME and PLC modules (SSRF, PLS)

VME EVO (EVQ) VME EVE (EVR)

PLC EVR

11111111
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Activities in 2011-2012 (Kusano, Kudou, Okazaki)

& Transition of Software

< VxWorks-5.5 + DevSup v2.4.1 + Old firmware
< VxWorks-6.8 + Mrfioc v2 (BNL) + New firmware

& Re-evaluation of existent hardware/software
< Cascaded EVG for Slow-positron facility
< Synchronous 2k-byte shared memory transfer (~50MB/s)
< Synchronous EPICS timestamp
¢ Evaluation of SINAP modules
<+ VME EVG (EVO), EVR (EVE), & PLC EVR
< EPICS devsup/driver software evaluation & development
< New cascaded EVGQG capability for DR (MR)
< Upward shared memory transfer (quasi synchronous)

Super
- 1 1KFKB
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Simultaneous Top-up Injection Results

& Beam currents
are kept within

Time: 2010/02/15 09:46:27
Beam Current: 449 9 [mA]

[T :

0.0

Vacuum : 2 1E-8 [Pal

[A-min]

G Lifetime : 00 [hours] § Idt: 70000 [A-h]
“*KEKB 1mA (~0.05%)
NGO BZO BMOTI BEtO
N o
4.0 ~ BLO9 OPEN BL10 OPEN BL11 OPEN BL12 OPEN
¢ PF 0'05mA ( 0'01 /o) BL1I3OPEN  BL140OPEN  BLI5OPEN  BL16 OPEN
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
1110— | | § 5 | ;
] 450 : — : —13,600
* 1595 4001 """"""""" 13,200
1105 T e 12,800 _
i 1 E300f e e 12,400 F
1 —1590 SERDE = e 12,000 &
11001~ e e B 1,600 £,
! G R i 1,200
| e 1 e B 1800
10951= Gf -oaeaeasaasaas: R e 1400
[ PR | S Y S I ' S l1580  o02/0s Tods 02712 Tovd6  02/14 7246 03/15 00E6 02715 Thid6
4/28/2009
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Three-fold Independent Closed Loops

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

C =" b7 S :—}v: 2.5GeV, 0.1nC)

/ PF Injection

Event-based
Control System

"“ ) M e* Target
KEKB-HER Injection i/ === =

et Target

KEKB-LER Injection ==

4GeV, 10nC

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

Super
={: }:KEKB
O wiett SuperKEKB Beam Scheduling Kazuro Furukawa, KEK, Aug.2010, Apr.2012, Oct.20128



