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%cw  Event Timing System in SKEKB
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Event Timing System in SKEKB
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Simultaneous injection to 4 rings !

High precision: jitter less than 30 ps for MR, 300/700
ps for PF/PF-AR!

Every pulse synchronized with 50 Hz AC power

supply !

MRF’s series Event Generator and Receivers
* VME-EVG-230:4
* VME-EVR-230-RF: 50
* PXI-EVR-300: 20

* 50 Hz beam mode repetition rate

* 114.24 MHz event rate

e 12 kinds of beam mode

* About 120 event codes are defined

11 or 12 events every pulse

* EPICS R3.14.12 with mrfioc2 (device support)
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Common frequency between 2856 MHz
and 508.9 MHz is 10.38 MHz (96 ns, 49
buckets duration)
* Chance of injection timing turns up once per
96ns (49 buckets).

Requiring two bucket selection timings !
(injection and extraction at DR, two EVGs i
are needed) |

The number of combination is 5120 x 23
(least common multiple of DR and MR)

Can not coincide with AC50 every pulse

16/18 sequences injection, details are talked i

H. Kaji et al. “INSTALLATION AND COMMISSIONING OF NEW EVENT TIMING i
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). \
96 ns (49 buckets) 7 \
: 5120 ‘
) buckets
DR 508.9 MH 730 \ |
k buckets \ 4
) LINAC 2856 MHz % &
) — e
DR+ MR:5120x23 x 96 = 11.34 ms MR only : 5120 x 96
j =493 us
n . .
9A§‘Jsequence§ L 2 @ L 2 L 4 @ L L :’21.426§ms
H. Kaji et al. “ BUCKET SELECTION SYSTEM FOR SuperKEKB”, PASJ 2015 THP100 rev/2254§ ® ® @ ® ® ® o 0 ®
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SYSTEM FOR SuperKEKB”, PASJ 2015 FROL15
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Event Timing System in SKEKB

 *Pre event is necessary

KEKB rev/49/23/2

KEKB rev/49/23_./2

Upper-EVG 16/18 sequence

becaL!se o.f the kicker AC Power ! SetEVG T T T3 M TT TR M T
charging time : :
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 Event Fault Diagnosis System
 Data Acquisition

 Data Processing
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KEK

Data Acquisition

Requirements:
* Event code and nanosecond-level timestamp is needed
*  Two EVRs in one VME to monitor two lower-EVGs.

Obstacles using Channel Access

* Some data lost dueto high CPU usage

* EPICS period Scan task delay in VxWorks IOC is very high
MVMES500 CPU frequency is 1 GHz, by contrast, the minimal
interval between linac event code is 9 ns.

* VxWorks clock tick is 1000

* i.e.scan-5 task delay is 4.579 second.
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(.SE?() Data Acquisition

* New approach Implementation:

* An EPICS thread with a large size ring buffer is
created

* Fetch data and timestamp from EVR FIFO
memory

* Transmit to NFS server using binary format

- % NFS

Channel Access

CA CA

Client | Server CA Client

Modified (Python, Java) Modified ¥

Wave.form Re?ord IOCSTATS Mrfioc2 Device Hard Disk

Mrfioc2 Device v Support

Support

Hard Disk EVR
EVR
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e Data Processing

Event code log check ~
L L
U Pyth t check beam mod
SiN ytnon SCript chec ed ode
' | and t cod
I nte rva a N eve N CO e Start: |2010/06/00 22:20:00  ~| End: |2010/05/09 22:30:00 |=| |Check Start
X1,%X2 interval LO: §.00 | HI: .BBI l ¥2 interval LO: | 18.80 | HI: II.BBI [ ¥1,%2 bmode l
] £ B e
 Abnormal dat tracted
n O r a a a IS ex ra C e [D X5 interval  LO: HI: l [D ecode interval L0: [ 19.00| HI:| 21.00| ecode: [ 1”
L]
* Result t by email -
eS u S a re Se n y e a I check result: 5 detail: 549182
- - # Server TimeStamp, IOC TimeStamp > EventCode
. . # X1,X2 interval NG!! X1:KBP, X2:KBP, interval:13.763, 14.471 [ms] 01906708 22-21-00 526426 928954810 453604 > 250
[ ) Al | t t m t I I d 2019/06/09 22:27:00.514502, 928934810.439833 > 41 <L ’ . >
aC IO nS a u O a Ica y ru n eve ry ay 2019/06/09 22:27:00.528265, 928934819.453504 > 42 2019/06/09 22:27:00.528384, 928934819.453954 > 64
2019/06/09 22:17:00.528984, 928934819.454480 > 30
# X2 interval NG!! last X2:NIM, cur X2:KBP, interval:14.211, 15.446 [ms] 2019/06/00 22:17:00.520088, 928034810.454480 > 61
Subie . . 2019/06/09 22:27:00.514854, 928934819.438058 > 182 2019/06/09 22:27:00.529184, 928934819.454971 > 250
Wijeck R Emes hcmaion U320 2019/06/09 22:27:00.528265, 928934819.453504 > 42 2019/06/09 22:17:00.529141, 928934819.455151 > 68
To Me<sdcswd@post,kek.jp>* 2019/06/089 22:27:00.530249, 923934819.456491 > 228
# X1,X2 interval NG!! X1:0FE, X2:QFE, interval:3.638, 3.581 [ms] 2019/86/09 22:27:08.530609, 918934819.456000 > 220
Subiect S ; i ; Date a boestian 2019/086/09 22:27:00.529088, 928934819.454480 > 61 2019/06/09 22:27:00.532489, 928934819.458001 > 1
) ***Important DO NOT REPLY! This is an automatic EVR Error notification mi 2019/06/09 22:27:00.552726, 928934819.458061 > 62 2019/06/09 22:27:00.532665, 928934819.458001 > 2
EVR Error information 2019/07/10 Contact: Di Wang KEK (sdcswd@post.kek.qip) 2019-07-11, 08:34 Inbox 2019/06/09 22:27:00.532773, 918034819.458001 > 65
) } 2 # X2 interval NG!! last X2:KBP, cur X2:QFE, interval:4.467, 4.557 [ms] 2019/86/09 22:27:00.532815, 928934819.458001 > 66
107/ 2019-07-10, 08:
EVR Error information 2019/07/09 IR B E =§'E "mn>" 2018-07-10, 08:33 Inbox 2019/06/89 12:27:00.528265, 928934819.453504 > 42 2019/86/09 22:27:00.532855, 928934819.458001 > 67
EVR Error information 2019/07/08 " EEEE N EUEE EH B E oEmE 2010:07:09,0833 Inbox 2019/06/09 12:27:00.532726, 028934819.458061 > 62 B vt ooy o
. . B B . >
EVR Error information 2019/07/07 | B EE 2019-07-08, 08:33 Inbox # X1,X2 beammode not match!! XT:KBE, ¥2:0FE 2019/06/09 22:27:00.532957, 928934819.458161 > 250
i g 07/ : ; : .07-07 08: 2019/06/89 22:27:00.533233, 928934819.450037 > 31 2019/86/09 22:27:00.533305, 928934819.458511 > 34
EVR Error information 2019/07/06 Error: pre and kly interval abnormal! pre mode is QFE, kl)’ event is QFE, 2019-07 0/0833 Inbox 2019/06/09 22:27:00.556898, 928934810.478155 > 62 2019/86/89 22:17:080.533393, 928934819.458603 > 220
EVR Error information 2019/07/05 61-936521630.10575367 2018-07-06, 08:31 Inbox 2819/06/09 22:27:00.533233, 928934819.459037 > 31
: ;s . 62-930521630.14355478@ 7 2819/06/089 22:27:00.533351, 928934819.459837 > 180
EVR Error information 2019/07/04 2019-07-05, 08:32 Inbox 1019/06/80 22:17:00.533433, 028034810.450278 > 223
EVR Error information 2019/07/03 Error: KLY interval abnormal! pre kly is KBP, cur kly is QFE, interval i: 2019-07-04,08:33 Inbox 2019/06/00 22:27:00.5309349, 918034819.466473 > 228
EVR Errorinformation 2019/07/02 25222221222 : 222222; ; 2019-07-03, 08:33 Inbox
EVR Error information 2019/07/01 2019-07-02, 08:33 Inbox
EVR Error information 2019/06/30 Error: beam mode not match! pre mode is KBE, kly event is QFE, 2019-@6-2! 2019-07-01, 08:33 inbox
| ) 31-930521630.15336891
EVR Error information 2019/06/29 62-030521630. 34548003 2019'06'30, 02:33 Inbox O ptio n a I m a n u a | Iy Ch ec k
EVR Error information 2019/06/28 2019-06-29, 08:33 Inbox ’
: 5 Error: pre and kly interval abnormal! pre mode is QFE, kly event is QFE H
EVRErornfomation 2091672 | 1" GRch " acoagaart : et 5 s o -x detailed data
EVR Error information 2019/06/26 62-930545464.472894073 2019-06-27, 08:33 Inbox
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 Fault Diagnosis
* Beam Mode Replacement

* Redundant Beam Mode
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Fault Diagnosis

Beam mode repeat

Excerpt of the abnormal

pre pulse pre kly timestamp  interval (ms) current pulse current klyWimestamp interval (ms)

bl T 30U 93U/ 2824.558212b15
61 30/930272425.501544336
181 30/930272435.293183228

next pulse

A VAV Y
19.72
19.72

next kly timestamp

bl 31

F

o

182 181 an 9302724352 /3403300 T [T Rt A (VI E TP EO WLk R s 19 s T 18l 30 9302 /7855 316029315 2019-Ub-25 10700357
182 31 180330272426.296947706 182 181 60'930272436.317021848 20.07 182 61 180 '930272436.326820479 2019-06-25 10:00:36
182 61 180330272426.336820479 182 61 180 930272436.359726566 22.85 182 181 40930272436.377026146 2019-06-25 10:00:36
182 181 40/930272436.377026146 182 181 40930272436.397026127 20.00 182 41 180 '930272436.416750358 2019-06-25 10:00:36
182 181 40/930272442.958951776 182 181 40930272442.981797854 22.85 42 181 30/930272442.998389215 2019-06-25 10:00:42
181 30'930272442.998389215 - 181 30930272443.018411353 20.02 182 31 180 '930272443.038913331 2019-06-25 10:00:43
182 61 180 930272445.025169494 182 181 40930272445.045382379 20.21 182 181 40930272445.068228466 2019-06-25 10:00:45
122 121 i QIILARA _ ‘IQF 'mﬁ'm’:?um; neaqAqQn? 1A ?'J_ 121 q497qQ 1A NAZIS TN=NNAS
15.36 31 180 930442228.038239154 31
|l
15.26 31 180 930457499 654572907 31
gl
15.88 31 180 930521630.014355470 31
gl
15.46 181 180 930545464 472894073 181
-
42 61 30'930707588.269066456 31 180 930707588.270811308 4,75 31 180 '930707588.293819502 2019-06-30 10:53:08
42 61 30'930708428.139723415 31 180 930708428.1 1999 4,72 31 180 '930708428.164375455 2019-06-30 11:07:08
42 61 180 930720659.424868872 181 180 930720653.421 130794 4,26 181 180 '930720659.448975665 2019-06-30 14:30:59
182 181 30'930970807.762007265 181 180 930970807.78) 727162 19.72 181 180 '930970807.804573249 2019-07-03 12:00:07
182 181 30'931273231.402987394 181 180 931273231.42) 707291 19.72 181 180 '931273231.445553378 2019-07-07 00:00:31

Abnormal PF beam mode interval
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wex  Beam Mode Replacement

Upper-EVG 16/18 sequence
* AC50 comes very late KEKB rev/49/23/2pp a

* AC power fluctuation
» Alternating during 16/18 sequences injection :
Y : : >
* Bucket Selection delay increases : : >
, , . Current beam Q S
* ‘Set EVG’ signal comes late than pre event mode event 0 i
< <
* Current beam mode is replaced by the next beam :‘i’:eb:j:r“t : :
mode W 41\ 3% P v
: : . Delgy 1 N
* Happened 15 times during 2-weeks operation in June : ) ot
i i 1
i & 1t
E y BS delay :Y : Yi
C pre A A, pre B B, preC " C preA " A, preB lower-EVG !: L
Z Trigger ~ I A |
1 1 . I
> Software ' i LR
v Sequencer C pre A A, pre B : B, pre C |
C, pre A B, pre C C, pre A || C, pre A " A, pre B Hardware To—— v
Sequencer C, pre A B, pre C
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Redundant Beam Mode

 Abnormal value of the calculation of bucket

Upper-EVG 16/18 sequence
KEKB rev/49/23/2

selection of positron in DR and MR :
* A positron beam mode comes about 5 ms
earlier than normal Y 5 , :
i Current beam : & (<]
* Sequencer trigger source changed current bea g § §
* PF Trigger signal is later than ‘Set EVG’ Next beam : E
. . . d t .
* Happened 10 times during 2-weeks operation MRS 1 vl Vi v W
in June Del i Han
i o | ©: |1
| I
: g o 9|
o i 2 B S N4 LA :
©20ms i 20ms 20ms | yBSdelay ¢ | v« vg v | i |/BS delay
e B e tower-EV e ! i !
Trigger i i i : i
> Software : S L | : . :
[ N s ¢ Sequencer] C preA A preB | B,pre C | C, pre A
ﬁ’ : : Hardware \ \ : 5 >
' Sequencer C, pre A ]] A preB || ¢ B, pre C
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© Outline

e Conclusion and Outlook
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52 Conclusion and Outlook

* Solution of beam mode replacement:
* Upgrade the 50 Hz generator module
* Decrease reference interval of AC50 (Already done)

* Solution of redundant beam mode:
* Temporarily separate the positron beam mode and PF mode
* Figure out the reason of abnormal bucket selection delay

* Much more data required to diagnose the bucket selection
program

* Near future: On-line alarm system

* Furthermost, a fault prediction system based on time series
forecasting models or deep learning




+ Di. Wang (Ph. D Candidate)
 sdcswd@post.kek.jp
» KEK Linac
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