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Motivation

 PM system is needed to understand the reason and
consequences of a beam dump

« PM stores information about

— sequence of events
— status of the MPS before/during/after dump

« Correct behavior of the MPS and other systems
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Dump context

Event timestamp: \2015.04 14 09:22:21 CEST

J
Fil nurmber: [ze20 J
Filing pattern: \a\ternating b1 bucki + b2 buck 2001 |
Acc f Beam mode: [BEAM SETUP / FLAT TOP |
Energy leag9880 Mew |
Intensity B1: [T e~10 charges |
Intensity B2 [0'e~10 charges |
SMP flags: [PRESENT, SAFE / PRESENT, SAFE J

J

BSTAR 1/2/5/8: [11.0/10.0/11.0/10.01 m

Machine protection features

Ewent description |BIC71POC analysis finished with warnings. Possible magnet quenches.

Highest beam losses: |BLMBI 15R8.BOT20_MBA-MBB

Magnet quenches: MB.B15RE; REF2.AB1B2; RED1.AG1B2; RQT13.L1B2; RQT12.L1B2; RQTL11.REB1; RCO.AB1B2; RCD.ASL

B1l; RQS.REBZ; RGTD AB1B1

NQPS triggers: [Ne mgPS events found

FMCM 15A; <

BIC IPOC; &

XPOC B1: XPOC B2

PM Qverall: e

Safe for injection ?: W

Ewent category:
Ewent classification:
Event sequence:

Triggered BIC inputs:

Event sequence

‘PROTECTION_DUMP

‘M ULTIPLE_SYSTEM_DUMP

‘F\rst USR_PERMIT change: Ch 4-BLIM _UNM: B T -> F on CIE.UAG3.LE.B1 |

(53.82), SW Permit(S3.81)

Ch 4-BLM_UNM(LB.B1), Ch 4-BLM_UNM(LE.BZ), Ch 6-CIBDS Beam 2(R&.52), Ch 6-CIBDS Beam 1(L6.B1
), Ch 2-LBDS-b2 (TSUNREBZ), Ch 2-LBOS-bl (TSUYLE.BL), Ch 12-PIC_MSK(L1.B2), Ch 12-PIC_MSK(
L1.B1), ChS5-PIC_UNM(L1.E2), Ch5-PIC_UNM(L1.B1), ©hS-PIC_UNM(RT.EL), Ch 12-PIC_MSK(R1.E1),

Ch 5-PIC_UNM(R1 B2}, Ch 12-PIC_MSK(R1.B82), Ch 5-PIC_UNM(RE.BL), Ch 12-PIC_MSK(RB.BL), Ch 12
FIC_MSK(RE.B2), Ch 5-PIC_UNM(RE.B2), Ch 12-PIC_MSK(LE.BL), Ch 12-FIC_MSK(L8.B2), Ch 5-PIC_UN
M(LE.B1), Ch 5-PIC_UNM(LE.E2), Ch 3-LBDS-b2 (PLC)(RE.EZ), Ch 3-LBOS-b1 (PLO)ILEB1), SW Permit

SCEwents: RPMBA.RR13.RQT1Z L1B2; RPMBB.UAS7 RSD2 AB1B1; RFLE.UABY.RCO ABLIBL; RPMBA.RRLZ.RQTIZ.LIE
1; RPMBE.UABY . RSD2.AB1EZ; RPLB.UABY RCO.AS1EZ; RPMEE RR13.ROD.AS1EZ; RPMEB RR13 RE5.A81
B2; ...and 52 more..
Comments
User: [ ]
Adviced actions: | I
Input your comment and for session
Beam Losses: ‘ ‘v‘ Loss type: ‘ ‘vl
orbit Changes: | [ =] classification: | [~]
‘ Confirm H Discard H Release SIS

Most of the modules existed before LS1

Due to changes of the names (collimators, BPMs etc),
and FESA classes the modules were not fully

operational after LS1

— Problem solved during commissioning

 Some data structures changed




Automatic PM analysis —

BLM, BPM ORBIT and EVENT_SEQ modules

Eve nt Wlth [ hic_eventseq >> Version: 1.0.1 Responsible: kzan Romera Romirez
HEADER : SUMMARY
Systemn BIC || pmAnalysisModuleiersion 1.0.1
B3 cLoeaL: GPm1: 14042015 08:2221 (142899 - o EVENT_SEQ || Analysis result description First USR_PERMIT change: Ch 4-BLM_UNM: B T-= F on CIB.UAG3.LE.E1 [
_ Gource ISA || Triggered BIC inputs Ch 4-BLM_UNM(LE.B1), Gh 4-BLM_UNM{LE.B2), Ch 6-CIBDS Beam 2(R6.62), Ch 6-CIEDS Beam 1(LG.51)... i
Modules graph | Resi|| Event stamp 09:22:21.474 14104115 ||| Beam 1 propagation delayto LBDS 46000 ns
ersian 1.01 ||| Beamn 2 propangation delayto LEDS 44000 ns —
|B‘°'F‘°°||BLM Losses | [etmararens| E Encoding BIC/EVENT_SEQ | OVERALL 40 BICs friggered valid PM data
Qualifier :
Analysis lags [MORMAL]
Event timestamp: |2015.04.14 09:22 = -~ ]
R 'rll EVENT OVERVIEW SOURCE OVERVIEW i
Filing pattern: Altarmating bl bud Index | Loc.Permit AE Time DeltaiuSec) Description EIC name - Index Source Mame Data Valid | ]
P ﬁw seror 7 ral oL 09:22:21+474433 i | USER_FERMIT: Ch 4-BLM_UNM:BT->F CIB.UARI.LEE - CIE.LUAST RA.62 [true -l
58 00:22:21+474433 [i | USER_FERMIT: Ch 4-BLM_UNM: AT-= F CIB.UABILEET CIE.UAST RE.E1 [true (
Bty 433680 Mev 59 09:22:21+474433 i l_ USER_PERMIT: Ch 4-BLM_UNM:ET-=F CIB.UAB3.LEB2 CIB.UAZ3.L2.B1 [true
Intensity B1: [l e~10 charges || &0 09:22:21+474433 [i | USER_FERMIT: Ch 4-BLM_UNM: AT-=F CIB.UARLAEZ CIE.UAZZ.L2.E2 [true b
Intensity B2: [oe10 charges |22 09:22:21+474479 16 | USER_FERMIT: Ch 6-CIEDS Beam ZAT-= F CIB.JART REEBZ CIETZ76.U7 B2 [true N
— FrEsENT, sare /(12 09:22:21+474481 48 | USER_FERMIT: Ch 6-CIEDS Bearn T:AT-=F CIB.UAGI.LEET = CIE.LUAGT RA.B1 [true it
- BB 09:22:21+474527 94 | USER_FERMIT: Ch 2-LEDS-h2 TSUXBT-= F CIB.JART REB2 CIETZ76.U7 E1 [true
BSTAR 1/2/5/8: [11.0/10.0/ 110|573 00:22:21+474527 a4 | USER_PERMIT: Ch 2-LEDS-h2 (TSU): AT -= F CIE.UAGT.REB2 CIB.UART RE.E2 [true b
133 09:22:21+474550 117 | USER_FERMIT: Ch 2-LEDS-h1 (TSULAT-=F CIB.UARI.LGE CIE.USCEE. RS, [true J
134 09:22:21+474550 117 | USER_FERMIT: Ch 2-LEDSh1 TSULBT-=F CIB.UARILGE CIE.USCEE.LE. [true
160 09:22:71+474555 122 |_ USER_FERMIT: Ch 6-CIEDS Beam 1. B T-> F CIB. AR LGE1 ] CIE.UJ33.03.B1 [true
157 09:22:21+474611 178 | USER_FERMIT: Ch 6-CIEDS Bearn B T-=F CIB.JART REB2 CIEUSCEE.LE. ftrue
Event description  |BIC_1POC analy| 145 09:22:21+492876 18543 | USER_FERMIT: Ch 12-PIC_MSK. B T-=F CIB.US15.L1 62 CIB.10J33.U3 B2 [true B
st i Lo | SI0E0 ISRE B | 09:72:71 +492076 18543 | USER_FERMIT: Ch 12-PIC_MSK AT -> F CIBUS15L1 B2 CIE.SREINIZZ [true i
147 09:22:21+492877 18544 | USER_PERMIT: Ch12-PIC_MSK: ET-=F CIB.US16.L1 B1 CIEDS.UARI LG [true
PEget quemenes;  [HEEISTRE RS |y 09:22:21+492977 18544 | USER_PERMIT: Ch 12-PIC_MSK AT-= F CIB.US15.L1 61 CIB.UAR3.LE.B1 [true
BLROS.RESZ) g 00:22:21+492077 18544 | USER_PERMIT: Ch &5-PIC_UNM AT = CIB.US15.L1E2 CIB.UA43.L4.52 [true =k
TP igereirs: INo nGPs eventsg 09:22:21+492878 18545 | USER_PERMIT: Ch 5-PIC_UNM ET-=F CIB.US16.L1 B1 CIE.UA43L4.E1 [true ]
151 09:22:21+492678 18545 | USER_FERMIT: Gh 5-PIC_UNM: AT - F CIB.US16.L1 61 CIE.LUARS.LA.EZ [true
BIC IPOC: & 152 09:22:21+492978 18545 | USER_PERMIT. Ch &-PIC_UNM BT-» F CIB.US15.L1.62 CIB.US15.L1.61 [true -
157 09:22:21+493043 18610 | USER_PERMIT: Ch 5-PIC_UNM ET-=F CIB.US15.R1.B1 CIE.US15.L1.62 [true J
XPOC BL: & 358 09:22:21+493044 18611 | USER_FERMIT: Ch12-FIC_MSK. BET-=F CIB.US15.R1.E1 CIB.SR2IMJ1.2 [true
159 09:22:21+493044 18611 | USER_FERMIT: Ch12-PIC_MSK AT-=F CIB.US15.R1.B1 CIE.SR7.57E1 [true
Safe for injection i 4 160 09:22:21+493044 18611 | USER_PERMIT: Ch 5-PIC_UNM ET-=F CIB.US16.R1E2 CIE.SRZINIT A [true
¥ 09:72:21+493045 18612 | USER_FERMIT: Gh 12-FIC_MSK ET-= F CIE.US16.R1E2 CIE.SRT.G7.B2 [true
152 09:22:21+493045 18612 | USER_FERMIT: Ch12-PIC_MSK AT-=F CIB.US16.R1E2 CIE.SREINIZA [true
BE | 09:22:21+493047 18614 | USER_FERMIT: Ch 5-PIC_UNM: AT-= F CIB.US15.R1.B1 CIE.SRI.53E1 [true
BCT data m 157 09:22:21+493048 18615 | USER_PERMIT: Gh 5-PIC_UNM AT -> F clBUSisR1BZ || CIBDS. UABT RE [true
159 09:22:21+494103 19670 USER PERMIT: Ch 5-PIC_UNM AT -=F CIEUART REE1 = CIE.SR3.53E2 [true
el Ii [v] CIE.UAZ7 R2.B1 [true
BPM ORBl | FILTER CIE.UAZT RZ.E1 [true
CIE.UASZ.LA.E2 [true
[ ] Beam_Permit_Loop [ | Beam_Permit [ |Local_Permit ] User_Permit || User_Permit_Glitch [v] Software [ |Mask [v]Masked_Permit CIBUARI LA BT [true —
D u m ped O n [] Disabled_Permit [ | Channel_Enable [ |Test [ |Power [ |Self_Test [ |Time [ |Safe_Beam_Flag [ | Marker [ ]Injection BICs S:SSEFTIEH“CB 1' I:Eg
Channel & Channel B Beam 1 Beam 2 | | Generator | | CIBDS CIBCCRLHC. . [true =
P 1= LW, e = X = TN |




Automatic PM analysis —

BPM ORBIT module

Event with Beam dump triggered by losses at IP5 due to AC dipole excitation

[=] GLOBAL : GPM1 : 27.05.2015 02:11:48 (1432685508095545000) - PLAYBACK hy vchetver on 09.06.2015 at 19:03:43

v e R

Session i Modules graph Results

‘ BIC IFOC | | ELMLOSSES ‘ ‘ BLMDiamond | ‘ BLMLHC | | BFM DRB\TH BREBQ \SA| | COLL HIERARCHY ‘ ‘ COLLHE IEAHEVENT 5Eu| Ewent ¢
B

Dump context

Event timestamp: |2015‘05‘27 02;11:48 CEST

Fill number:

ﬁ bpm_orbit >> Yersion: 1.3.1 R

PM Event @ 27/05/2015 02:11:48:905

eam 2

Jorg ig!

Rms &Mean | Orbit & Traj (1stlast) | Data by OrbitTraj | DatabwBPM | Orbit & Traj (2D) | Triggers | AnalysisLog | Export to YASP

Filling pattern:

Acc / Beamn mode: BEAM SETUP / SQUEEZE

Energy:

Intensity B1:

Intensity B2: [0 e~10 charges

SMP flags: |PRESENTJ SAFE / PRESENT, SAFE

BSTAR 1/2/5/8: [0.8/10.21/0.79/3.0m

Machine protection features

Event description |BIC71POC analysis finished with warnings.

Highest beam losses: [ELMQI 02L5.BE2E22_MGXE

Magnet quenches: [no magnet quenches found
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Post Mortem Analysis Results

Machine protection features

Event description |BIC_IPOC analysis finished with warnings.
Highest beam losses :|

I
|
Magnet quencheas: |I‘xlo magnet quenches found |
nQPS triggers: |I‘\Io nQPS events found |

BIC IPOC: ¢ FMCM ISA: ¢ PICIPOC: ¢
XPOC BL: ¢ XPOC B2: ¢
Safe for injection 7 @ PM Owerall: W

« System experts defined the specifications or implemented
the modules BIC IPOC, FMCM ISA,PIC IPOC and XPOC
B1/B2

« “Safe for injection ?” is a logical AND of BIC IPOC, FMCM
ISA and PIC IPOC overall results

« PM Overall is false if nQPS or magnet quenches are
present, or BIC, PIC and FMCM analysis results contains
“‘INTERESTING _EQP”

« All details : https://wikis.cern.ch/x/ZQNgAQ




Changes during LS1

 BLM: data available for 1024 ms (vs 82 ms before LS1)

Data acquisition

— new library to support CMW-RDAZ3. Only internal changes and
backward compatible API so far. Bigger upgrades to come end
of the year.

Storage:

— no updates except following technology changes, e.g. from 32b
to 64b architecture, and some bug fixes in the storage and its
APL.

Analysis modules:

— new Quench Heater Discharge Analysis module by Zinur, the
rest of the modules were mostly kept the same, with some
Internal technology changes and/or optimization. Adaptation of
energy extraction analysis modules by Arek for the 600A and
13KA circuits.




Automated Analysis of POWERING events

« Similar to Global (beam) Post Mortem, a PM_POWERING analysis
server is continuously analysing events in the LHC magnet system
« Automated event and source identification (global events)

« 600A Energy Extraction + 13kA Energy extraction
« 600A Quench Detection (trip identification,...)
* Quench Heater Discharge Analysis

(MP3) logbook entries, automatic e-mails and PM Database
(APEX)

TRC PP M Consignes Phones Others Login

LHC MPP [Saturday 23-May-2015 DAY]

- (] =»

sruzmss: = sovaces | 9] zocszron v
ime

Post Mortem Database - Data Browser User: ZERLAUTH  © Help

@ Logout

7 Row text contains RQ10.LE' M %

E—{ 03-JUN-2015 13.58.40.420000  RQ10.LE SUBSECTOR_ABORT  YES FAST_POWER_ABORT - NOTOK YES
2 E{ 03-JUN-2015 13.55.40.417000  RQI0.LE SUBSECTOR_ABORT  YES FAST_POWER_ABORT ~ 245.39915466303594 NOT OK NO - QPS tip Heater firing due to thunder-storm
@ 06-JUN-201523.35.04.453000  RQIO.LE NO_GLOBAL_EVENT  YES IDLE - NOTOK NO
N m: IDLE = NOT OK 1 s TP
E—{ 06-JUN-2015 23.16.06.080000  RQ10.LE SUBSECTOR_ABORT ~ NO FAST_POWER_ABORT 100.00382150878906 OK NO
E—\‘ 05-JUN-2015 22.05.30.568000  RQ1I0.LE SUBSECTOR_ABORT  NO FAST_POWER_ABORT ~ 245.43763732010156 OK NO
E?\‘\ 05-JUN-2015 07.35.17.320000  RQIO.LE SUBSECTOR_ABORT  NO FAST_POWER_ABORT  100.00216863623047 OK NO
_. I E{\ 27-MAY-2015 142351820000 RQ10LE NO_GLOBAL_EVENT  YES POWERING_FAILURE ~ 966.2384033203125  NOT OK YES
j; - E‘“\\ 02MAY-201505.18.17.511452  RQIOLE SUBSECTOR_ABORT ~ NO FAST_POWER_ABORT  350574385234375 OK NO'
. E*\'\ 24APR-2015 16.57.21 697312  RQIOLE SUBSECTOR_ABORT ~ NO FAST_POWER_ABORT  245.4078626904267 OK NO

10/09/2015 MPS3, ZCh 10



IPD, IPQ and IT circuits:

guench heater analysis automation

* Quench heater discharge analysis (MB, MQ, IPQ, IPD, IT) will be fully

automated after TS1
« Must increase efforts to systematically screen more powering
equipment during operation (refactoring/generalisation and inclusion
of HWC modules)
ﬂ compareToReference_IPQLwi |E”E”:
File Ecit ‘iew Project Operate Tools ‘Window Help !
NEm ‘[
1000~ [~ Fiot1 [~ &
800~ - _1 I Platz [
800- 1: 810V < Initial Charge < 1000V Leots "
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a [~ Floti2 |
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EHM refernceTime Stamp Tme toBe CheckedTime Stamp Ilz :DI:: (-] -
s | laezme ||
pazsed? Fiot [™u"
oy O Plat1 [~
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P Tme
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Conclusions

« What is missing/nice to have?

— dBLMs (Why? the only system for bunch-by-bunch loss
detection — injection losses, dump losses, losses during
scrubbing etc)

— BPMS-IR6
— Some data structures changed => time vector of the BCT_DC
— Collimator time stamps (currently ~4 sec delay)

— Review Event Classification: SINGLE _SYSTEM_ DUMP vs
MULTIPLE_SYSTEM_ DUMP

— Review protection dump classification in case of operator button
use.

« Are we ready?

— Essential systems are fully back in operation
— Some modules still need to be revised
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