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Introduction

* Every dump generating PM data is assessed
by shift crew using PM Online tool.

* All beam dump characteristics are collected
and stored in the PM Database.

* Dumps at 3.5 TeV are systematically
reanalyzed by MPS experts.

(M. Zerlauth, R. Schmidt, J. Wenninger)

* Analysis of PM data for p+ run:
= 19/02 (first beam) - 30/10/2011 ( )
s Ig, > 1el2 and g, > 1e12 (exclude probes, MPS tests)

3



PM Online Tool

| PM PLAYBACK PRO GUI

File Basket Session

[@] v RrRBA: Ihcop

Help

| £ GLOBAL : GPM1 : 30.10.2011 17:10:36 (1319991036516205250) i

|[ Session confirmation

BCT | | Bi/BOBBO_ISA

Event timestamp:
Fill number:

Acc mode:

Beam mode:
Energy:

Intensity B1:
Intensity B2:
SMP flags:
BSTAR 1/2/5/8:

Event description

BIC/EVENT_SEQ | | BIC/IPOC

Final analysis is finished

Modules graph | Results

BLM/BLMLHC | | BLM/COLL_HIERARCHY | | BLM/DIAMOND

Dump context

2011.10.30 17:10:36 CET
2267

PROTON PHYSICS

BEAM DUMP

3499920 Me\f

19286 e”~10 charges

19524 e~10 charges

PRESENT, MOVEABLE / PRESENT, MOWVEABLE

1.0/10,0/1.0/3.0m

Machine protection features

BIC_IPOC analysis finished with warnings.

Highest beam losses: BLMEL.04L6.B1E10_TCDSA.4L6.B1 BLMEL.04R6.B2110_TCD

Magnet quenches:

NQPS triggers:

BIC IPOC
XPOC B1:

Safe for injection ?: ¢

SA.4R6.B2 BLMEI.O4R6.B1E10_TCDQA.B4R6.B1
No magnet quenches found

Mo nQPS events found

R~ 4 FMCM ISA: PIC IPQC: <«

Y XPOC B2: &

PM Qverall:

BLM/LOSSES | | BPM/ORBIT

Event category:
Event classification:

Event seguence:

Triggered BIC inputs:

SCEvents:

FGC/DATA_RED

PIC/IPOC | | PM event data viewer

Event sequence
PROTECTION_DUMP
MULTIPLE_SYSTEM_DUMP

First USR_PERMIT change: Ch 4-Operator Buttons: AT -> F
on CIB.CCR.LHC.B2
Ch 4-Operator Buttons{LHC.B2), Ch 4-Operator Buttons(L
HC.B1), Ch 2-LBDS-b2 (TSU)(R6.B2), Ch 4-BLM_UNM(LS.
B2), Ch 4-BLM_UNM{L&.B1), Ch 11-BLM_MSK(LE.B2), Ch
11-BLM_MSK(L6.B1), Ch 2-LBDS-bl (TSU)(L6.B1), Ch 8-B
P yst.'A' (R6.B1), Ch 10-BPMs L8R syst.'B' (L&.B1),
Ch 10-BPM B' (L&6.B2), Ch 8-BPMs L&R syst.'A'
(R6.B2), Ch 3-LBDS-b2 (PLC)(R6.B2), Ch 3-LBDS-bl (PLC
)(L6.B1)

No power converter events found

dviced actions:

Beam Losses:

Orbit Changes:

\_

Comments

\

Input your comment and confirmation parameters for session confirmation:

v

Loss type:

w | Classification:

Discard

‘ [CIassification & Assessment by OP1

121:53:48 - New analysis session progress: Final analysis Js finished

;21 15347 - Connected to [GLOBAL] 1318991036516285250 sessian




L HC Post Mortem Database

Post Mortem

Homepage

The PM System

Meetings

LHC Post Mortem
Homepage

Post Mortem Database - Data Browser
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eam Mode B |

14-MAR-11
07.19.03.515135 AM

15-MAR-11
04.53.58.909384 AM

18-MAR-11
11.35.11.968775 PM

20-MAR-11
05.49.56.671554 AM

23-MAR-11
09.32.07.094983 AM

PROTECTION_DUMP

PROTECTION_DUMP

PROTECTION_DUMP

PROTECTION_DUMP

PROTECTION_DUMP

PROTON PHYSICS

PROTON PHYSICS

PROTON PHYSICS

PROTON PHYSICS

PROTON PHYSICS

STABLE
BEAMS

STABLE
BEAMS

STABLE
BEAMS

STABLE
BEAMS

STABLE
BEAMS

(cICIETN RSENTEY < Powering PM events

3500160

3500040

3500160

3500040

Global statistics

1635

1638

1646

Fill Statistics

Reports &
Data download

SEU Failure Count

Events Data ~ Analysis Data ~ Raw Data

User: MALBERT © Help

@ Logout

MS |Nours|

21

29

7.08

228

1321.144

RF interlock, but caused
by problem with FGC that
got two many event at the
same time. The function
was not correctly
executed, this confused
the RF system that
tripped and requested a
beam dump.The dump
cause is classified as PC
(since the FGCs are under
the responsibility of EPC)
S81: Cryogenics lost for
MSR8

RQTL11.R6B1 got a water
fault due to a faulty
interconnection piece, PIC
reaction times OK.

MULTIPLE_SYSTEM_DUMP

SINGLE_SYSTEM_DUMP

SINGLE_SYSTEM_DUMP

MULTIPLE_SYSTEM_DUMP

MULTIPLE_SYSTEM_DUMP



All beam dumps by mode

= INJECTION
PHYSICS BEAM
Total: 482 = INJECTION SETUP
BEAM
7 99 = PREPARE RAMP

35.9% 36.5%  "RAWP

® FLAT TOP

SQUEEZE
ADJUST
m STABLE BEAMS

BEAM DUMP

~_0.8%

| | | \ 1.0%
58% 5.0% 1.5% \5.6%



Non-programmed dumps by mode

Total: 375 (78%) - :DNF:\EscchlsO;IEAM

= INJECTION
0.3% SETUP BEAM

448% 331% ® PREPARE RAMP

m RAMP

Inj. problems: ~10 % m FLAT TOP

m SQUEEZE
ADJUST

W STABLE BEAMS

\11% BEAM DUMP
6.9%

| | \ 1.3%
53% 6.1% ‘1.1%



E>=3.49 TeV
Beam dump causes gy > 112

I, > 1el2
Beam dumps in STABLE BEAMS ©H Beam dumps without MDs M Beam dumps with MDs
169 263 § 272
42%
Beam monitoring (impact on beam)
Orbit, BPM, Beam Loss, Collimator |
adjustments, BCM, Feedbacks S
‘[ 71%
Failure in MPS System I
LBDS, PIC, BLM, BIC, SIS |
i
| 10%
Operator (EOF) -
r
i

79%
Equipment failure (no impact on beam) _

| |
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Beam dump causes by equipment

W Beam dumps in STABLE BEAMS H Beam dumps without MDs B Beam dumps with MDs

Operational error ‘. _
Orbit Excursion in IR6 E>=3.43 TeV
Beam Interlock System h IBl > 1e12
Experiments hardware il
Software Interlock System  jilmm IBZ >1el2
Water cooling -
Access system -
Beam Dumping System -
Powering Interlock System —
Collimator positions not correct —
Controls system _E
e —l “TOP 5”: 77% of dumps in SB
Feedback, tripping one circuit —_ |
(" Electrical Network | —— 1 )
R ..
Power converters * : ’ E
Cryogenics _
\ QLP'S | —
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Beam dump causes by beam monitoring

Beam dumps in STABLE BEAMS B Beam dumps without MDs M Beam dumps with MDs

Feedback (orbit)

Orbit outside tolerances

Beam loss: detected by BLM

s ) o

E>=3.49 TeV
a1 > 1el2
s, > 1el2
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Systems which saved us...

STABLE BEAMS

Access System

Orbit Excursion in LSS6
No interlock, Operator Dump
Beam Dumping System
Collimator Interlock
Experiments Interlock
QPS

FMCM

SIS

RF Interlock

BLM

PIC

m without MDs

m including MDs

Jh E >=3.49 TeV
| g, > 1el?2

1, g, > 1e12
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STABLE BEAMS - often short !

30.0%

25.0%
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Distribution of dumps in STABLE BEAMS

w all fills (168) m 1380b - fills (92)

> 50% of all STABLE BEAMS - fills last less than 3h !

Average: 4.9h / 4.6h

Ihiu.u_._... .

9 10 11 12 A3 14 15 16 17 18 19 20 21 22
Durat|on of STABLE BEAMS before dump / h



Dumps in STABLE BEAMS

Distribution of dump causes in STABLE BEAMS

168 protective dumps WRIEESEY |
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Water cooling
Vacuum
UFO

SIS
RF
QPS
PIC

PC
Orbit

LBDS
Experiments
EL Network
Cryogenics
Coll System
Controls
BPM IR6
BLM

BIC

Beam loss
Access
unknown

Recovery after dump in SB

STABLE BEAMS - from dump to injection
Average: 4.6h

6.00 8.00 10.00

Time to establish injection / h

2.00

4.00

& without SEU

M with confirmed SEU




Proposals for improvements

* PM Online tool should offer re-editing
(correction of wrongly assessed dumps)

* Include injection scheme in PM-Database

* Do we need to add more categories for dump

classification?
“Other” used for 11% of non-programmed dumps

* Should we also systematically analyse dumps
at injection energy ?
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Summary

* Beam dump causes due to equipment failures
clearly dominate.

* 50% of all fills & “1380b - fills” last < 3h
* Average fill duration: ~5h

* 22% of STABLE BEAMS - fills were dumped by
SEU effects, mainly on cryogenics and QPS
equipment

* The average time from a beam dump in
STABLE BEAMS to the next injection is ~4.5h.
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