Follow-up of recent MPP anomalies - CMS
Solenoid trip, LHCb trip + RQX.L2
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Beam dump on 10.08.2012

® LHC beams dumped on 10.08.2012 @ 08:20:04 by SIS, following a
failing BLM HV check in IR7

Hle Hasket Session Help -

[5] ~ RBA:zerlauth | - Basket Frame

=] GLOBAL : GPM1 : 10.08.2012 08:20:04 (1344579604024797375) - LOAD_RESULTS for session of 10.08.2012 08:21:10 by zerlauth on 12.09.2012 at 21:55:22

Modules graph | Resulls

‘ EIC IFOC ‘ | BLM LOSSES ‘ | ELMDiamond | ‘ ELMLHC | | EPM OREBIT ‘ | EOEBG \SA‘ | COLL HIERARCHY ‘ | COLLHE IBA| ‘ EVENT SEQ | | Evert uverwew” FGC DATA RED ‘ | FIC IFOC | ‘ P EVENT ‘ ‘ FOWER LOSE | SMP IPOC |

Dump context Event sequence

Event timestamp: [2012.08.10 08:20:04 CEST Event category: [PReTECTION DUMP |

Event classification: |MULTIPLE_SYSTEM_DUMP |

Fill number: \2934

Filling pattern: ‘50!’15713747136870712627144bp\12|n]

|
|
|
Acc / Beam mode: ‘PROTON PHYSICS / STABLE BEAMS | W Triggered BIC inputs: |SW Permit(S3.B81), Ch 2-LBDS-bl (TSU)(LE.B1), Ch 11-BLM_MSK(L6.B1), Ch 11-BLM
Energy: ‘3999960 TRV ‘ | MSK(L&.B2), Ch 2-LBDS-b2 (TSU)RE.B2), Ch 10-BPMs L8R syst.'B'(L6.B2), Ch&-B
|
|
|
\

PMs LBR syst/A'(RE.BL), ChE-BPMs LBR syst'A'(RE.BZ), Ch 10-BPMs L&R syst'B'(LE

Intensity B1: ‘15818 e~10 charges .B1), SW Permit{S3.B2), Ch 3-LBDS-bl (PLCHLS.B1), Ch 3-LBDS-b2 (PLCHRE.BZ)
Intensity B2: \14859 e~10 charges |No power converter events found
SMP flags: ‘PRESENTJ STABLE, MOWEABLE / PRESENT, STABLE, MOWEABLE

BSTAR 1/2/5/8: [0.6/3.0/06/3.0m

Machine protection features Comments

Event description \BICJPOC analysis finished with warnings.
Highest beam losses:

User: \mso\faro |

ELMEL.O4L& B1E10_TCOSA.4L6.B1 BLMEL 04RE.B2I10_TCDSA 4R6 B2 BLMEL.04RE6.B1E
10_TCDOA.B4RES.B1

Adviced actions: | |

Magnet quenches: Mo magnet quenches found Beam Losses: | | ‘ Loss type: ‘ | |
NGRS triggers: ‘NO NGRS events found arbit Changes: Classification:
BIC IPOC: W FMCM ISA; Qf PIC IPOC: W Fast discharge of GMS solennid (due to conling problerm). The orbit becarne bad and in a bit mare than a minute the 813 dumped the bearms on
BLM HY status in IP7
XFOC BL: XFPOCB2Z:
W W ‘ Confirm H Discard H Release SIS |
Safe for injection 7: W PM Overall: Q//"




Event Sequence 10.08.2012

® Solenoid magnet actually trips 3 minutes prior to the beam dump
(@ 08:17) due to cooling problem

e Solenoid current at time of dump already < 40% of | Nom

\—l ~7% beam loss in B2,

almost nothing in B1

05:18 10-Aug-2012 08
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Orbit changes

® PM recordings did not show big orbit deviations (last ~25 seconds
only), while LHC Logging shows orbit changes up to 400um (last 3
minutes) — Note: Measured at interlocked BPMs

e OFB not active in Stable Beams!

5 bpm_orit > Version: 1.1.0 Responsible: Jorg Wenniger &/ i i i i B S 0 e e D '
Orbit Data : PM Event @ 10/08/12 08:20:04:024
Rms & Mean | Orbit & Tr;

[ aj(1sthast) | Data by Orbit/Traj | DatabyBPM | Orbit & Traj (2D) | Triggers | Analysis Log |  Export to YASP
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Orbit changes from YASP

® rms change is ~ 150um in H, a factor of 2 below SIS limit
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Beam Losses

® Clearly visible increase of beam losses in almost all B2 BLMs as of ~
160 sec prior to the dump

® Despite bigger change of orbit almost no losses in B1

T bim_bimine >> Version:

.2.28 Responsible: Fabio Follin

unit: [Gray /s [w|  scate:

Octant Fitter | Sectors Fiter | Dump Filter | List Fitter | RegexFilter | Beam Permit Filter

o g K

strt [ {em[ G Lossos: puax [v] mipiay: [ <] ]

1 bim_bimine >>Version: 0.2.28 Responsible: Fabio Follin
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Integration Time

Integration Time:
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Follow-up

® Solenoid has a slow but non-negligible effect on the beams

e Veryslow and distributed losses, not (yet) reaching BLM thresholds (set
around 200kW), dump on known limitation of BLM HV (via SIS)

® Solenoid current at time of dump ~ 40% of | _ nom

e Agreement with CMS: Provisions will be taken to provide an interlock in
case of a Fast Discharge (new design of MSS already ongoing

® |n parallel looking for > LS1 into slow OFB in Physics (needed for levelling)
and SIS interlocking

markus.zerlauth@cern.ch CMS -TIG



Beam dump on 19.08.2012

® LHC beams dumped on 19.08.2012 @ 09:15 by LHCb magnet trip,
interlock took some 25 ms to be generated....

E PM PLAYBACK PRO GUI: 0.13.5 °
File Basket Session Help

¥ RBA: zerlauth

GLOBAL : GPM1 : 19.08.2012 09:15:42 (1345360542000000000) - PLAYBACK by zerlauth on 14.09.2012 at 14:30:56

| Session confirmation graph Results

‘ BIC IPOC | ‘ BLM LOSSES | ‘ BLMDiamand | | ELMLHC | | EPM DRBIT| ‘ BEBER ISA‘ ‘ COLL HIERARCHY ‘ ‘ COLLHC |SA| ‘ EVENT SEQ | | FGC DATA RED | | FIC IPOC | | FM EVENT‘ | FOWER LOSS | | SMP IPOC |

Dump context Event sequence

Event timestamp: |2012‘0EL19 0% 15:42 CEST Event categary: \PROTECTION?DUMP

|
Fill number: [Esas | Ewvent classification:  MULTIFLE_SYSTEM_DUMP
Filling pattern: |50ms_1374_1365_0_1262_144bp\12|nj | Event sequence:
Acc / Beam mode: PROTON PHYSICS / RAMP | Triggered BIC inpus: [Ch 13-LHCh_Mag(RE8.BE2), Ch 13-LHCh_Mag(RE.E1),
e j | ShzismehmaCeR, chibsrs
Intensity B1: |22290 e~10 charges | 2R syst'A'(RE.B2), Ch 10-BPMs L&R syst.'B'(L&.BZ]
Intensity B2: [22235 e~10 charges | St =
SMP flags: |PRESENT / PRESENT | SCEvents: RFTL.SREB.RELWH.RE;
BSTAR 1/2/5/8 [11.0/10.0/11.0/10.0m |
Machine protection features Comments
Event description |BIC_IPOC analysis finished with warnings. | User: |

Highest beam losses: BLMELQ4L& B1E10_TCDSA 4L6.B1 BLMELO4LE B1E1D_TCDSE. 4L6 B1 BLMELO4RE Adviced actions: |
.BZ2I10_TCDSE.4R6.B2

Input your comment and confirmation parameters for session confirmation:
Magnet quenches: Mo magnet quenches Found

| ‘ .
nQFS triggers: Mo ngPS events found | Feam Losses: | ‘v‘ Loss types I:
orbit Changes: | || Classification:
BIC IPGC; & FMCM [S4; 4 PIC IPQC: &
XPOC BL: &F XPOC B2 4
Confirm | | Discard ‘ ‘ Release SIS

Safe for injection 7 W PM Owerall: W




Follow-up

® Discussion with Hugues and Sylvain Ravat:

e MSS (Magnet Safety System) re-design ongoing (see previous discussion
for CMS) — same MSS is used for all experiments

® Re-design based on NI Rio FPGA card already ongoing, replacing
(obsolete) fuse programmable FPGA

e Will investigate to improve input filtering at output relay contact to bring
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benjamin.todd@cern.ch

cerntsab22 - Remote Desktop Connection

E PM ONLINE PRO GUI: 0.13.!

Eile Basket ExpertSettings Session Help

E ¥ RBA: zerlauth

E GLOBAL : GPM1 : 07.09.2012 11:28:47 (1347010127544573225) - ONLINE

Session confirmation

EIC IPOC ‘ | ELM LOSSES | ‘ ELMDizrmand | ‘ ELMLHC ‘ | EFM DRBIT| | BGBEG 154 ‘ | COLL HIERARCHY | ‘ COLLHE 154 ‘ | EVENT SEG) ‘ | FGE DATA RED | ‘ FIC IPOC | ‘ FM EVENT ‘ | POWER LOSS |

Dump context

Event timestamp: |2012.09‘07 11:268:47 CEST

Fill number: |3036

Filling patterm: |50n5713747136870712627144bp\12inj

Acc / Beam mode: |PROTON PHYSICS / STABLE BEAMS

Erergy: [zo99980 Mev

Intensity B1: [18521 e~10 charges

Intensity B2: |18350 e”10 charges

SMP flags: |PRESENT, STABLE, MOWEABLE / PRESEMT, STABLE, MOWEABLE

BSTAR 1/2/5/8: |O.6 f30/08/3.0m

Machine protection features

Event description |BIC71POC analysis finished with warnings.

Highest beam losses: BLMELO4LE B1IE10_TCDSA, 4LE Bl BLMELOSRY BIE1O_TCLA
AGRY.B1 BLMELOGRZ.BIEIO_TCLABGRZ B1

Magnet quenches: Mo magnet quenches found

NGRS triggers: Mo ngPs events found

BIC IFOC: < FIMCH 154 FIC [POC: o
HPOC B1: o HPOC B2: o
Safe for injection 7 W P Cverall: W

Event sequence

Event category: [PROTECTION_DUMP |

[MULTIPLE_SvSTEM_DUMP |

First USR_PERMIT change: Ch 11-BLM_MSK: AT ->F an I
B.SR7 &7 B1

Ch 11-BLM MSK(S7.B1), Ch 11-BLM_MSK(S7.82), Ch 2-L
BDS-b2 (TSU)RE.B2), Ch2-LBDS-bl (TSU)LEBL), Ch1l
FBLM_MSK(L6.B2), Ch 11-BLM_MSK(L6.B1), Ch G-BPMs L

BR syst'A'(RE.B1), Ch 10-BPMs LBR syst.'B'{L6.B2), Ch1
0-BPMs L&A syst'B'(L6.6B1), Ch B-BPMs LBR syst'&'(R6.E2
b, Ch 2-LBDS-bl (PLCYLE.BL), Ch 3-LBDS-bZ (FLC)(RE.EZ
b, Ch 12-PIC_MSK{LSB2), Ch 12-PIC_MSK(L5.B1), Ch5-P
IC_UNM(LS.BE2), Ch 5-PIC_UNM(LS.B1), ChS5-PIC_UNM(RS,
B2), Ch S-PIC_UNM{RS B1), Ch 12-PIC_MSK{RS5.B2), Ch1
2-PIC_MSK(RS.B1)

|No power converter events found |

Event classification:

Event sequence:

Triggered BIC inputs:

SCEvents:

Comments

User: hwenning |

Adviced actions: | |

BT ere—

PC fault on IT RS The BLM trigger came once mare befare the PIC, the orbit oscillation on B2 exceeded 0.1
mm peak, no surprise this gave a dump.

Bearn Losses: |

orbit Changes: |

Confirm H Discard || Release SIS

13:43:00 - session confirmed By [ jwenhing

0 Beams were dumped while in STABLE_ BEAMS at 11:28:47 on 7t of
September due to Beam Losses in IR7

hd|

ITER — Machine Protection




erntsab22 - Remote Desktop Connection

=1o] x|

Q Actual cause was converter trip of RQX.R5, which however was reported to
the interlock systems only 2.06s later!

E bic_eventseq >> Version: 0.4.11 Responsible: van Romera Romirez

ﬂuéﬁ;

HEADER SUMMARY
System BIC prAnalysisMadulelersion 0.4.11
Class EVENT_SEQ Analysis result description First USR_FERMIT change: Ch 11-BLM_MSK: AT -= F on CIB.SR7.87.B1
Source 154 Triggered BIC inputs Ch 11-BELM_MSKI(S7 B1), Ch 11-BLM_MSK(S7 B2), Ch 2-LBDS-hZ (T5UNRAE.BZ), Ch 2-LBDS-h1 (TSUYLEET)
Event stamp 11:28:47 544 07/0812 Beam 1 propagation delay to LBDS 25000 ns
Wersion 0.4.11 Beam 2 propagation delay to LBDS 26000 ns
Encoding BICIEVENT_SEQ OWERALL 38 BICs triggered walid PM data
Qualifier
Analysis flags [MORMAL]
EVENT OWVERWIEW S0URCE OVERVIEW
Index Time DeltaiuSec) Description BIC name Index Source Name Data Valid
1056 28:47+545660 1118 L USER_PERMIT: Ch 8-BFMs L&R syst'A"AT-=F CIB.UJAGT.RE.EZ CIB.UJSERSBT ffrue
1057 28:47+545663 "M [ USER_PERMIT: Ch 8-BFMs L&R syst'A"BT-=F CIB.UJAGT.RE.EZ CIB.UABILEEZ  ffrue
1408 28:47+587259 42717 L USER_PERMIT: Ch 3-LEDS-b1 (PLC):BET-=F CIB.UABS.LE BT CIB.UJSERSBZ  frue
1408 28:47+587 260 42718 L USER_PERMIT: Ch 3-LEDS-b1 (PLCY.AT->F CIB.UABS.LE BT CIB.UABILEET  ffrue
1410 28:47+589797 45255 L USER_PERMIT: Ch 3-LEDS-h2 (PLC): CIB.UJAGT.RE.EZ CIB.LUSTE.L1.B1  ffrue
1411 28:47+589799 45257 L USER_PERMIT. Ch 3-LEDS-h2 (PLCY.AT->F CIB.UJAGT.RE.EZ CIB.US15.L1.B2  ffrue
1412 28:47+597177 52635 [ USER_PERMIT. Ch 11-BLM_MSK AF-=T CIB.SR7.57.B1 CIB.SRT.57.B1 true
1413 28:47+597177 52635 [ USER_PERMIT. Ch11-BLM_MSK: BF -= T CIB.SR7.57.B1 CIB.SRT.S7.B2  [frue
1414 28:47+507173 52636 [ USER_PERMIT. Ch 11-BLM_MSK AF-=T CIB.SR7.57.82 CIB.LUSCH5.LE.B2 frue
1415 28:47+507173 52636 [ USER_PERMIT. Ch11-BLM_MSK: BF -= T CIB.SR7.57.82 CIB.UABT RE.ET  [frue
1416 28:47+700030 155488 [ USER_PERMIT. Ch 11-BLM_MSK AF-=T CIB.UABILEBZ CIB.USCH5.LE.ET frue
1417 28:47+700030 155488 [ USER_PERMIT. Ch11-BLM_MSK: BF -= T CIB.UABILEBZ CIB.UABT RB.EZ  ffrue
1418 28:47+700030 155488 [ USER_PERMIT. Ch 11-BLM_MSK AF-=T CIB.UABS.LE BT CIB.UST15.R1.E1 ffrue
1418 28:47+700030 155488 _ [ USER_PERMIT. Ch11-BLM_MSK: BEF -= T CIB.UABS.LE BT CIB.US15.R1.B2 [frue
1420 20:47+703474 158832 _ [ USER_PERMIT: Ch 2-LBDS-h2 (TSW):BEF-> T CIB.UABT.RE.E2 CIB.LJ33U3B2  ffrue
1421 20:47+703474 158832 _ [ USER_PERMIT: Ch 2-LBDS-h2 (TSU): AF-=T CIB.UABT.RE.E2 CIB.LUJ3I3UIEBT ffrue
1422 29:47+710299 165757 _ [ USER_PERMIT: Ch 2-LBDS-h1 (TSU): AF-=T CIB.UABILEB1 CIB.UABILEEZ  [frue
14802 29:49+614369 2089827 L USER_PERMIT: Ch 12-PIC_MSK AT-=F CIBUSCE5.LE.B2 CIB.SRIS3IE2  [frue
1803 29:49+614369 2089827 t_ USER_PERMIT: Ch12-PIC_MSK. BT-=F CIBUSCE5.LE.B2 CIB.SREIMNJZT frue
1504 29:49+614369 2089827 L USER_PERMIT: Ch 12-PIC_MSK AT-=F CIB.USCES.LE.B1 CIB.SR3I.53.B1 true
14505 29:49+614369 2089827 t_ USER_PERMIT: Ch12-PIC_MSK. BT-=F CIB.USCES.LE.B1 CIB.SRZIMIT frue
1508 29:49+614371 2069824 [ USER_PERMIT: Ch 5-PIC_UMM: AT-=F CIBUSCE5.LE.B2 CIB.UABT RE.BZ  [frue
1807 29:49+614371 2069824 L USER_PERMIT: Ch 5-PIC_UMM:BT-= F CIBUSCE5.LE.B2 CIB.SRZIMJ1LZ  ffrue
1509 29:49+614371 2069824 [ USER_PERMIT: Ch 5-PIC_UMM: AT-=F CIB.USCES.LE.B1 CIB.UABT RE.ET  [frue
1510 29:49+614371 2069824 L USER_PERMIT: Ch 5-PIC_UMM:BT-= F CIB.USCES.LE.B1 CIB.CCR.LHC.BT [frue
IXZF) ETNTITINETT) ETTYHET) LI AT e P L 6 T o mEs mE A P CNRTPE N =Y I R
1518 11:28:48+614380 2068838 t _ USER_PERMIT: Ch 5-PIC_UMM:BT-= F ClB.LLEE RE.B2 A28 ClBUAZILZEZ  frue
1516 11:28:49+614381 20698349 [ USER_PERMIT: Ch 5-PIC_UMM: AT-=F CIB.LLEE RSB A29 CIB.CCR.LHC.B2 [frue
1817 11:28:49+614381 20698349 L USER_PERMIT: Ch 5-PIC_UMM:BT-= F CIB.LLEE RSB A 20 CIB.UAZILZET  [frue
1518 11:28:49+614382 2069840 L USER_PERMIT: Ch 12-PIC_MSK AT-=F CIB.LLEE RS.B2 H |kl CIB.UA4T R4EBZ  ffrue
1518 11:28:49+614382 2069840 t_ USER_PERMIT: Ch12-PIC_MSK. BT-=F CIB.LLEE RS.B2 A 32 CIB.UA4IL4EZ  ffrue
1520 11:28:49+614382 2069840 L USER_PERMIT: Ch 12-PIC_MSK AT-=F CIB.LLEE RSB CIB.UA4IL4ET  ffrue
1523 11:28:49+614383 2069841 t_ USER_PERMIT: Ch12-PIC_MSK. BT-=F CIB.LLEE RSB CIBTZTEU7.EZ  ffrue
CIBTZTEU7.ET  ffrue
1 CIB.SREIMNJZZ  frue
ar CIB.UAZT R2ZEZ  [frue
28 CIB.UAZT RZET  [frue

[_] Disabled_Permit [] Channel_Enable [ ] Test [ | Power [ |Self_Test [ |Time [_|Safe_Beam_Flag [ | Marker [ ]Injection BICs
Channel A Channel B [v] Beam 1 Beam 2 [_] Generator

FILTER
[ Beam_Permit_Loop [ ] Beam_Permit [ |Local_Permit User_Permit [_|User_Permit_Glitch [v] Software [ |Mask [v] Masked_Permit

IE § 1 - BLMME02L2 B1E2T MY donim = 0, set dowm to 323236

Ll
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[ Signals

Fo.15 35
2500 1 Beam dump by BLM
L3 -
3700
Va 2.5
I I Tegend i 2.5
2000 — (07/09/12 11:26:47.545) FGL/51_esxt_pmd/RPHGC.UJSE RTGHE RE:STATUS.|_MEAS -
— (0709412 11:28:47.545) FEC/S1_ext_pmd/RFMEC.UJSE.RTO N RE:STATUS.|_MEAS
—— (07912 11:28:47 545) FGCAS1_exd_pmd/RFMBC.UJSE.RTAMN RS:STATUS ¥_MEAS
—— (070912 11:28:47 545) FGL/S1_ext_pmo/RPHFC.UJ55 RE W5 STATUS V_MEAS F-0.5
— (07/09/12 11:28:47 545) FGCIS1_est_pmol/RPHFC.UJS5 RE W5 STATUS |_MEAS
—— [OTM09MZ 11:28:47 545) FGCA1_ext_pmd/RPHGE.UJSE RTRHE RS STATUS V_MEAS ro.1 r2 3650
s r2
1500 - '
A Powering Failure A VsV Al VvV
V_MEAS, |_MEAS fro
/ A -
sent from RTQX1 e
RTQX2 (No data for 7 1 sec) | 2600
/ ¢
1000 - ~ (due to V$_FAULT), i
Remove Power Permit to L,
all 3 converters L o0s
r15 [ Los
500 7
3550
0.5
U ke — sl | 0
\ - i N
|
0 \ [ 0
T T T T T T T T T
000103 000103 000103 000103 000103 000103 000103 000103 000103
4280000 g6 SO0 et T 0000 gt SO0TT gt 00T gt SO0 a0 000N gt SOOTTR | g 50.000
Signal name value offzet  |value scale factor time offzet
(0709 2 11:28:47 545 FGCMAT _ext_pmdiRPHGC LUJSE RTOX2 RESTATUS._MEAS 0— 10— 0
(0708 2 11:28:47 548 FGCAT _ext_pmdiRPMEC. LJSE RTOHT REETATUS._MEAS 0— 10— 0
(07109 2 11:28:47 5458 FGCAT _ext_pmd/iRPMEC. LIJSE RTOXT RESTATUS Y _MEAS 0— 10— 0
(0709 2 11:28:47 5458 FGCAT _ext_pmdiRPHFCLUJSE ROX RS STATUS VY _MEAS 0— 10— 0
(0709 2 11:28:47 548 FGCAT _ext_pmdiRPHFC LJSE RGX RESTATUS I_MEAS 0— 10— 0




@ Feedback from Q.King ...

) e

*This event seems to definitely be a radiation related latch-up, given that it was
finally cleared by a power cycle.

*The reason that the PIC wasn’t informed about the failure relates to the design
choice to keep the converter running for up to about 2s in the event of an FGC
crash. This was included in the design to theoretically allow the FGC to reset and
then to recover control of the converter. However, as you know, we never tried to
implement this feature and now we see that both the last two events were SELs
which require a power cycle anyway. So we were wise not to bother.

*As a result, this 2s timeout before the CPLD switches off the converter and sends
the PWR_FAILURE signal to the PIC is a feature that adds no value and in this case
caused a problem.

*In conclusion, | would recommend that during LS1, as part of an upgrade to the
FGC2 CPLD programming, this 2s watchdog be overridden.
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