he 2011 Run: Availability Analysis

Alick Macpherson

LHC Performance Workshop
Chamonix

6 January 2012

Topics:
Machine Performance

Faults and Downtime
Beam Dumps


https://indico.cern.ch/internalPage.py?pageId=0&confId=164089
https://indico.cern.ch/internalPage.py?pageId=0&confId=164089
https://indico.cern.ch/internalPage.py?pageId=0&confId=164089
https://indico.cern.ch/internalPage.py?pageId=0&confId=164089

Machine Performance



2011 Run: Luminosity
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- Well above Targets set in Evian 2010
- 2011 Proton Run: 156.6 days [53.0 days of SB]

=> 123 x( 2010 Del Lumi)

- 2011 lons Run: 28.9 days | 8.0 days of SB]

=>16.6 x (2010 Del Lumi)

- 1.38 TeV Proton Run: 3.15 days Lpel = 345.1 pb!
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2011 Run Records

e Proton Run: From Fill 1542 - 2267 [ 15th Feb - 30th Oct ]
e Most Luminosity delivered in a single Fill: LpeL = 123.3 pb~! in Fill 2219
e Highest Peak Luminosity: Lpeak = 3693.88 (ub.s)! in Fill 2208
e | ongest Stable Beams period: 25 hrs 23 min
e Shortest Stable Beams period: 0 hrs 3 min 47 sec
e Fastest Turn around [SB->SB]: 2 hrs 7 min
e Fastest Turn around with 1380 bunches [SB->SBJ: 2 hrs 7 min

e lon Run: From Fill 2289 - 2352 [ 11th Nov - 6th Dec]
e Most Luminosity delivered in a single Fill: LpeL = 6960.0 mb~" in Fill 2330
e Highest Peak Luminosity: Lreak = 2010.0 (b.s)™! in Fill 2294
e | ongest Stable Beams period: 8 hrs 4 min
e Shortest Stable Beams period: 0 hrs 20 min 48 sec
e Fastest Turnaround [SB->SBJ: 2 hrs 37min



Performance: Number of
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Performance: Number of
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Performance: Number of
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Run: Luminosity Improvements -
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2011 p-p Run: Luminosity Improvements - 3*

2011 - p Run Evolution
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LHC Avallability and

Performance in 2011

2011 Proton Run: Luminosity Production

19.3%

18.9%

SB Time: 26.6 days

32.6%

Total Time: 81.4 days

B NB
[ SetUp
E Inj

B Ramp
[ 1 FTSQAD
Bl SB

SET

RAMP

FT+SQ

Days | NB% | (5o, | INN% | 70" | apo | SB%

2011 [299.3| 25.7 | 305 | 17.4 | 1.7 | 43 | 205
2011-TS |277.9| 23.3 | 295 | 187 | 1.9 | 4.7 | 22.0
pp |156.6| 22.0 | 204 | 192 | 22 | 3.8 | 33.8
ppLP [ 814|236 (193|189 | 20 | 35 | 326
Pb-Pb |24.1|250| 208|136 | 22 | 55 | 329
MD |[332|229|323(368]| 1.2 | 6.0 | 0.8
HighB | 42 | 62 | 437|103 | 32 [ 354 | 1.1

p-p, Pb-Pb runs do not include TS or MD time




LHC Avallability and

Performance in 2011

2011 Proton Run: Luminosity Production Days | NB % USFI)E;EO INJ % Ré/l(\)/IP EZ—BS;Z 3B %
19.3%
2011 2993 25.7 | 305 (174 | 1.7 | 43 | 20.5
2011-TS |277.9( 23.3 | 295 [ 187 | 1.9 | 4.7 | 22.0
p-p [156.6|22.0| 204|192 ]| 22 | 3.8 | 33.8
18.9%
p-pLP (814|236 | 193|189 | 20 | 3.5 | 32.6
Pb-Pb | 241 25.0 | 208 | 136 | 22 | 55 [ 329
32.6%
MD 33.2 1229 323|368 1.2 | 6.0 | 0.8
SB Time: 26.6 days Total Time: 81.4 days
BN NB BN Ramp HighB | 42 | 6.2 | 43.7 ]| 103 | 3.2 | 354 | 1.1
[ SetUp [ FTSQAD . .
m Inj mEm SB p-p, Pb-Pb runs do not include TS or MD time
4 )
Hubner factor: H=11.57 X Lpal /(D X Lreak) H_Expected = 0.2
p-p (LP): 81.4 days Lpesk= 2572 (Ub.s)" Lpei=4.01 fo! =>H = 0.22
Pb-Pb: 24.1 days Lpeak=512 (0.S)" Lpei= 167.6 yb' => H = 0.24
| J




Luminous Region Evolution over the Run
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L uMmIiNnous

Regions: ATLAS and CMS
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2011

Performance:

Emittance vs Bunch Intensity
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2011 Performance: Emittance vs Intensity

Emittance vs Bunch Inten5|ty
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Fill 2030: emit=1.89 Bunch Intensity = 1.20e11p Bunch length = 1.22ns
Fill 2032: emit=1.96 Bunch Intensity = 1.28e11p Bunch length = 1.18ns
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—volution of

—mittance Variation over a Fill

Emlttance Ratlo VS Stable Beams Time

¢, Ratio (EOF)/(SSB)

0

e o Beam1 Horlzontal
e o Beam 1 Vertical

m ® Beam 2 Horizontal |
m ® Beam 2 Vertical

5 10 15 20 25 30
Stable Beams Duration [hrs]

Both beams show some gentle blowup with fill duration.
QOutliers may not be just BSRT measurement artifacts

.




Performance: Stable

Beams Duration

Duratlon of Stable Beams

45

; ; ; ] SB AIIflIIs
40 e ........ ........ e - SB 1380 bunCheS -
35 .................. ..................

L 9. 76 hrs Number of SB fllls = 223

0 | -
0 5 10 15 20 25 30

Duration (hrs)

4 )

Average SB Duration: 5.76 hrs
Consistency Check
Av Turn around (SB->SB) = 12.62 hrs
Time in Stable Beams = 33.8%
Mean SB Time = 12.6 hrs x 33.8/66.2
= 6.44 hrs

G _J
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Fraction of Total Stable Beams Time

Performance: Stable

SBeams Duration

Accumulated Tlme in Stable Beams

“||mmm SB - 1380 bunches

1 SB All fills

Duratlon of Stable Beams
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............... - SB 1380 bunCheS N

45
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Duration (hrs)

Average SB Duration: 5.76 hrs
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Av Turn around (SB->SB) = 12.62 hrs
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Performance: Stable

Beams

uration

Accumulated Tlme in Stable Beams

1 SB All fills 5 5 5
ok SB - 1380 bunches|  SemmEEmE

500/0 _______________

Duratlon of Stable Beams

5 ; [ sB- All fill
e ........ ........ e - SB 1380 bunCheS -

45

Number of SB fllls = 223

5. 76 hrs

Fraction of Total Stable Beams Time

5 10 15 20 25 30

: Stable Beams Duration per fill (hrs)

50:50 Point: ~4 hrs
50% of SB time was produced with fills of
4 hrs or less of SB

=> Optimization of turnaround time
can only be beneficial

10 15 20 25 30

Duration (hrs)

0 5

Average SB Duration: 5.76 hrs
Consistency Check
Av Turn around (SB->SB) = 12.62 hrs
Time in Stable Beams = 33.8%
Mean SB Time = 12.6 hrs x 33.8/66.2
= 6.44 hrs
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Performance: Turnaround

- Turnaround Tlme after Stable Beams

| . SB to Injectlon
( PrOtOﬂS ) | SB to SB: All fills

ol ./ |EEE SBtoSB: Lumi Production |

ol i___S.B__..?__I_NJ_:_G__.4_6._h.rs ................................................
- SB ->:SB = 12.62 hrs ;
- Lumi Production: SB -> SB:= 13. 81 hrs

- Most Probable SB > SB= 5 23 hrs
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Turn Around time (hrs) 14



Performance: Turnaround

; Turnaround Tlme after Stable Beams

i ] SB to Injectlon

ol _|HEE SB to SB: Lumi Production |
Average Turn Around Tlmes
ol SB->IN)=6.46 hrs S ............... _

0 10

( Protons )

|mmm SB to SB: All fills

- SB ->'SB = 12.62 hrs .
~ Lumi Production: SB -> SB = 13. 81 hrs
- Most Probable SB > SB= 5 23 hrs

SB- >SB Speed records

Top 5 Turnaround times

20 30 40 50
Turn Around time (hrs)

1st 2h07
2nd  2h13
3rd  2h28
4th  2h29
5th  2h29
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Performance: Turnaround

14
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Turnaround Tlme after Stable Beams

IR S § ________________ § ................ - | SB to Injectlon

( - ) [ SB to SB: Al fills

SB >SB-908hrs _ .
Most Probable SB -> SB= 4 59 hrs

10 20 30 40 50 60 70
Turn Around time (hrs)
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Performance: Time at Injection

Tlme at InJectlon Protons T|me at InJectlon - lons

100 12 !
I All fills Al fills
I All Stable Beams Fills I All Stable Beams Fills
80 (I All 1380-bunch Stable Beams Fills | 10} | All 358-bunch Stable Beams Fills |7
81 1

Méan timé for injection;= 1 hr ?33 min

mf_"'

0 = 0
0 2 4 6 8 10 1 0 1 2 3 4
Duration (hrs) Duration (hrs)
OP Vistars |4 SPS Page 1 s |

SPS-PAGE1 Current u.>r: CNGS1 25-07-11 16:23:36
SC 7708 (41BP, 49.2s) FT: 9u¢ ms Last update: 4 seconds ago

SPS-PAGE1 Current user: LHCION2 25-11-11 04:01:33
SC 63127 (47BP, 56.4s) FT: 1000 ms Last update: 7 seconds ago

Experiment
H2/H4
HE6/H8

COMPASS

Target % Experiment
T2 . H2/H4
T4 . H6/H8
T6 . COMPASS

T10 . 0

CNGST40.1  00EFE11  Comments (24-11-1118:43)
CNGS T40.2 . Phone: 77500 or 70475
S — RF with minimum power

CNGS T40.1 187 E11 Comments (25-07-11 12:08)
CNGS T40.2 199 E11 Phone: 77500 or 70475




100

80 |- [

60 |- [ E

40 |- [ -

Time at Injection - Protons

B All fills
I All Stable Beams Fills

I All 1380-bunch Stable Beams Fills |

 Mean time for injection = 1 hr 24 min

12
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Performance: Time at Injection

Time at Injection - lons

10_ :

|

''''' | mmm All 358-bunch Stable Beams Fills |

In 2011 fi

B All fills
I All Stable Beams Fills

Ing for protons and filling for lons took about the

same time! (lons just felt slower ... )

Experiment
H2/H4
HE6/H8

COMPASS

Comments (25-07-11 12:08)
Phone: 77500 or 70475

Target

T2

T4

T6

T10

CNGS T40.1
CNGS T40.2

MUL %SYM Experiment
H2/H4
H6/H8

COMPASS

0]

Comments (24-11-11 18:43)
Phone: 77500 or 70475
RF with minimum power

~

Dedicated LHC filling (protons) could improved turnaround time

16



Turnaround improvements: Injection

Number of Injections Per Fill

B All fills:808 ﬂIIs
[ Stable beams:262 fills

60 R .
I SB (1380 Bunches):100 fills
50_ ..........................................
- Mean # of injections. = 38.5

0 20 40 60 80 100 120 140 160
Number of Injections

‘Dedicated LHC filing (SPS): 28 BP =>33.6 sec
Recoverable Time = 38.5 x 800 x 15.6sec
= 5.6 days
Dedicated LHC filling:
Not just a technical issue: Sharing beam
time with other CPS and SPS Users

~

-

|

SPS supercycle: 41 BP => 49.2 sec

~

Could be reduced to 28 BP

J

OP Vistars

SPS-PAGE1 Current user: LHC1 28-06-11 12:09:42
SC 18599 (41BP, 49.2s) FT: 15115 ms Last update: 13 seconds ago

Experiment
H2/H4
H6/H8&

COMPASS

CNGS T40.1 196 E11 Comments (28-06-11 11:37)
CNGS T40.2 197 E11 Phone: 77500 or 70475

LHC

1645 E10  Dest:

Injected Flat Top
3994 E10 3834 E10

Unstable Booster
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Faults and Downtime
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2011 Faults tracking: As seen by the e-logbook

BCT
Operation

Controls/WorldFIP
BPM

TS-Services
Feedback

TS-CV

Vacuum

Controls

BLM

PSB No Beam

RF

Injection

Access

Beam Dump
Collimation

PS No Beam
Power Converters
Miscellaneous
QPS

TS-Electrical Services
SPS No Beam
Cryo

2011 Run: Faults

Access - no fault recorded = 4.1 days

OAc.c@.e.s.s.es. with No Fault Recorded.

| 0 I SRR

--------- Tot-aél--FauI-t-Dhrat-ion--%---2-7-.5--%%---------------------
___Total Fault Duration = 73.4 days

4 . )
48 accesses with

no fault registered:

10 15 20 25

Time (days)

g Typically for QPS )
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2011 Faults tracking: As seen by the e-logbook

BCT

Operation

Controls/WorldFIP
BPM

TS-Services
Feedback

TS-CV

Vacuum

Controls

BLM

PSB No Beam

RF

Injection

Access

Beam Dump
Collimation

PS No Beam
Power Converters
Miscellaneous
QPS

TS-Electrical Services
SPS No Beam
Cryo

--------- Tot-aél--FauIt--Dhrat-ion-#---2-7-.-5--%55----------~------»---
.................. S I N

2011 Run: Faults

48 accesses with
no fault registered:

g Typically for QPS )

\

............................ 15 .
................................. Cryo downtime due
S ST 1o U S SR to Electrical glitch
g
..... S o ]
- 0. ... .5 10 .15 20 25 . . -

... Duration of access (hrs)

10 15
Time (days)
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2011 Faults tracking: As seen by the e-logbook

2011 Run: Faults

scT} - Total Fault Duration =27.5% |
Operation }------ TtIF ....... ItD ...... t .......... —734d .................... 4 . )
Controls/WorldFIP B otal Fauit Dt ration = 73.4 days 48 accesses with
BPMB - v SR e e e : .
recervicock ACCESS - No fault recorded = 4.1 days no fault registered:
Feedback B - ..................... .............. SRESTE ..................... .................... N Typica”y for QPS
BIS ....._.A..A..._....;._.V...._.V.Z.OAc.c;_ess_e.s. with No Fault Recorded. ... AN J
TS_CV ................................... ] ] ; I
Vacuum i@ -4 @00 bt b
Controls @+~ 0 o R e LT LT ETRRET R LR TRTRLET: .
BLM R Cryo downtime due
P e e oM to Electrical glitch
Injectionp®- - m @ ¥ |-
Accoss B | B 4 _ p
Beam DUMp [+ Fault tracking Issues
Collimation FEEN - S ; ;
PS No Beam [ Sl o =k _m |- Not all faults registered:
PowerConverters ............... O ..... 5.10 ...... 15 ........ 20 - -
Miscellaneous r .. Duration of access (hrs)[SOMe hidden in shadow of
QPS Tl A R others_
TS-Electrical Services ]
SPS No Beam [ £ - Fault tracking mechanism
e 'to be revised/ ded
0 < 10 15 >0 |tO be revised/upgrade

Time (days)

- J
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Downtime: Recovery of Cryo Conditions

. Cryo Recovery Time - 48hr Window

AII Cryo Stops

....................................................

S RO S 1 i

g g 107510 20 30 40 50 60 70 80 90 |

5 5 - Duration (hrs) @« A
. ..................... ................. ........ 69 OCCU[’F@HC@S When

10 20 30 40 -

Cryo Maintain was lost
for 30 minutes or less

J

Loss of Cryo Maintain Duration (hrs)
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Cryo Global Availability

100 .
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US2
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E 60 PLC . - E
E
=3 50 — : P8 Ol
] % \/al
<>t 40 (‘Ifilgp
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20 = § : Single Event (SEU)
US45 | ldbg PLC
10 =] 1 bd/p i 'U'Sﬂ5 s
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24-Jan 21-Feb 21-Mar 18-Apr 16-May 13-Jun 11-Jul 8-Aug 5-Sep 3-Oct 31-Oct 28-Nov
¢ Between TS 2010 mm==Scheduled Stops —=&— Daily 2011 B Weekly 2011 < Between TS 2011



Cryo Global Availability

100 .
] LHCCryo - Average of 8
90 - sectors (Between TS)
i 100 - |
80 - ]
’ 98 *
70 E ) 96 M Supply
: .E. 94 Bl Cryo . Ps
60 +1 § | M Cryo SEU
E i g 92 - M Users
E - & o M Global availability ui
g - 88 :
< 40 i 86 .
20 _ 2010 2011 Legend:
. . . . PLC P8_QSCB
20 Detailed Cryo Analysis: 2011 §: Single Event (SEU)
Global Availability: 89.7% | 2¢
10 . u 1
\ Global downtime: 10.3% ’
O- T E'l—l——l—l—ﬂ-—r!—l——&l—l—ﬂ—l—l—l—-M... T ﬂ. .NIIJ
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Global Cryo Downtime: Online Monitoring

2011 Cryo Down Tlme

50
1] AII fills: 01
1 TS subtracted § § | Cryo availability
sl S reeereeeeeen e | taken from Global
downtlme 47 8 days (16. 3%) ' Cryo Maintain
% 25 9 days (9. 7%) signals in Timlber
'U 30 e
< Based on fill-by fill
E 20 N analySIS
=
o
S I -y 0 _

19/01 04/03 23/04 12/06 01/08 20/09 09/11 29/12
2011 Run
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Global Cryo Downtime: Online Monitoring

50

40

w
o

Duration (days)
N
o

10

2011 Cryo Down Tlme

1 AIIflIIs
] TS subtracted

downtlme 47 8 days (16. 3%)
25 9 days (9. 7%)

Cryo availability

| taken from Global
Cryo Maintain

signals in Timlber

Based on fill-by fill

analysis

19/01 04/03 23/04 12/06 01/08 20/09 09/11 29/12

[

Intervention appears to have been beneficial

5th August Intervention to improve PLC Redundancy against SEUSs J




Unaccounted Faults: Examples

13|0

14

Fill 1999

b / STABLE BEAMS

Electrical Glitch |.....
~ 2 hrs down

fTION_DUMP / MULTIPLE_SYSTEM DUMP
LRMIT change: Ch 14-FMCM RD1.LR1: A T -> F on CIB.US15.L1.B2

06:36 Dump Classification: Electrical Distribution

Operator / Comment: mpojer / Glitch on the electrical network.

BEAM MODE > BEAM DUMP

HC RUN CTRL: BEAM MODE changed to BEAM DUMP

15(06:37

electrical glitch seen by FMCM

Screenshot captured from lhcop
16/06:38

‘v- _ TR

e

B

20110803063833.png

BEAM MODE > RAMP DOWN
17|06:42 HC RUN CTRL: BEAM MODE changed to RAMP DOWN
18l06: 42 HC RUN CTRL: New FILL NUMBER set to 2000
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... Unaccounted Faults: Examples

Fill 1999
ul EIeCtricaI GlitCh §$§3§sém / MULTIPLE_SYSTEM DUMP
~ 2 hrs down

CRMIT change: Ch 14-FMCM RD1.LR1: A T -> F on CIB.US15.L1.B2
Dump Classification: Electrical Distribution

perator / Comment: mpojer / Glitch on the electrical network.

14(06:36

BEAM MODE > BEAM DUMP
HC RUN CTRL: BEAM MODE changed to BEAM DUMP

15(06:37
electrical glitch seen by FMCM

Screenshot captured from lhcop

lobal Post Mortem Event

Event Timestamp: 23/07/11 19:07:34.120

Fill Number: 1968

ccelerator / beam mode: PROTON PHYSICS / STABLE BEAMS

Energy: 3500160 [GeV]

Intensity B1/B2: 15411 / 16157 [e”10 charges]

Event Category / Classification: PROTECTION_DUMP / MULTIPLE_SYSTEM DUMP

First BIC input Triggered: First USR_PERMIT change: Ch 14-FMCM_RBXWTV.L2: A T -> F on CIB.UA27.R2.B2
creat

16/06:38 35[19:07

lobal Post Mortem Event Confirmation

Mains disturbance (EDF)
pojer / Glitch on the electrical network seen by the FMCM on many warm magnets. .

e e PR - ER . Siw

Fill 1968
Electrical Glitch |
~ 2.5 hrs down |

-
s
&
W=
20110723194550.png 20110723194618.png
creat
Electrical glitch!
37 [19:09 010.R4B1 and RQ10.R4B2 tripped!
create
BEAM MODE > BEAM DUMP
38 [19:11 HC RUN CTRL: BEAM MODE changed to BEAM DUMP
create
BEAM MODE > RAMP DOWN
39 |19:26 HC RUN CTRL: BEAM MODE changed to RAMP DOWN
create
N HC RUN CTRL: New FILL NUMBER set to 1969




... Unaccounted Faults:

—Xxamples

Fill 2110
nQPS Fault
~ 4 hrs down

/ STABLE BEAMS

harges |
fTION_DUMP / MULTIPLE_SYSTEM DUMP
CRMIT change: Ch 14-FMCM RD1.LR1: A T -> F on CIB.US15.L1.B2

Fill 1999
‘Il Electrical Glitch
~ 2 hrs down

Operator / Comment: mpojer / Glitch

15

BEAM MODE > BEAM DUMP
HC RUN CTRL: BEAM MODE changed to

06:37
electrical glitch seen by FMCM

16

Screenshot captured from lhcop

GClobal Post Mortem Eve
Event Timestamp: 23/07
Fill Number: 1968
Accelerator / beam mod
Energy: 3500160 [GeV]
Intensity B1/B2: 15411
Event Category / Class
First BIC input Trigge

06:38 35(19:07 |SB

Global Post Mortem Eve

\¥

Sl <]

Fill 1968
Electrical Glitch

Li188KE

~ 2.5 hrs down jsg

2011072319455¢(

FILTERS: LOCATIONS (

15-Sep-2011 Night]
=

) Access ( :

LHC OP [Thursday

= ©

Y

] INPO (INFO:Shift Summary §) OPERATION

) CIRCUITS (

$) PIQUETS ( ) EXPERTS | $) BEAM MODE

Clear

‘)

|INFO > Shift Summary
[Received a nice fill that got dumped at 2:15 by a trip of the RB.A7S8.
Int first the cause of the trip was not obvious but as soon as we started the precycle it was understood to be a
nQPS crate which needed a power cycle.
The second precycle went through correctly and we could carry on with injection.
1/06:59 BT pacced the machine on with 12 bunches circulating per ring.
To be noted:
- adth/vbl/2 crates crashed after the PM, to be followed up by the experts during the day;
- loading the rampdown function on RQX.L8 and RQTX1.L8 took a while.
areated by lheoop on cwo-ccc-dtls
Faults
& Group Fault Element Description Begin End Duration
NO FAULTS

Electrical glitch!

37(19:09 |SB|RQ10.R4B1 and RQ10.R4B2 tripped!
create
BEAM MODE > BEAM DUMP
38 |19:11 HC RUN CTRL: BEAM MODE changed to BEAM DUMP
create
BEAM MODE > RAMP DOWN
39 19:26 HC RUN CTRL: BEAM MODE changed to RAMP DOWN
create :23

2:M 1NN _Nr

HC RUN CTRL: New FILL NUMBER

set to 1969



... Unaccounted Faults: Examples

Fill 1999
‘1 Electrical Glitch
~ 2 hrs down

Fill 2110
i‘;;g;s}[})mﬁ’ / MULTIPLE SYSTEM DUMP nQPS FaUIt
~ 4 hrs down

14/06:36 | 8B [Dump Classification: Electrical Dis

Operator / Comment: mpojer / Glitch
BEAM MODE > BEAM DUMP
HC RUN CTRL: BEAM MODE changed to
15/06:37
electrical glitch seen by FMCM
Screenshot captured from lhcop
GClobal Post Mortem Eve
Event Timestamp: 23/07
Fill Number: 1968
IAccelerator / beam mod
16/06:38 -
35(19:07 Energy: 3500160 [GeV)
Intensity B1/B2: 15411

Event Category / Class
First BIC input Trigge

Global Post Mortem Eve

\¥

Fill 1968
Electrical Glitch |
| ~2.5 hrsdown |

2011072319455¢(

PRMIT change: Ch 14-FMCM RD1.LR1: A T -> F on CIB.US15.L1.B2
LHC QP [Thursdav 15-Sen-2011 Niaht]l

Example: some electrical glitches
- Beam dumped + no loss of Cryo + no Access

- TI Major Event created => TIOC followup
- No fault recorded
Example: Some QPS faults:
- Beam dumped + No Access
- No fault recorded

Proposal:
- Structure and standardize fault recording + tracking

- Requires new database tool set across OP
- Re-model interface/procedure for entering faults

Electrical glitch!
37 119:09 |SBRO10.R4B1 and RQ10.R4B2

- Regular review of LHC-OP faults

hEAM MODE > BEAM DUMP

38 |19:11 HC RUN CTRL: BEAM MODE

- with feedback from equipment teams
.~

[BEAM_MODE > RAMP DOWN

39 (19:26 HC RUN CTRL: BEAM MODE

changed to RAMP DOWN
create

HC RUN CTRL: New FILL NUMBER set to 1969

=

23



Beam Dumps
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Seam Dumps in 2011 Proton Run

® Number of Beam Dumpsin 2011 p-p Run: 482

* Number of Non-Programmed Beam Dumps: 375 (78%)

* Number of Non-Programmed Beam Dumps in Stable Beams: 168 (35%)



Seam Dumps in 2011 Proton Run

® Number of Beam Dumpsin 2011 p-p Run: 482
® Number of Non-Programmed Beam Dumps: 375 (78%)
* Number of Non-Programmed Beam Dumps in Stable Beams: 168 (35%)
[Non—programmed dumps in 2011 p-p Runj HvSICS BEAM
0.3% SETUP BEAW
PREPARE RAMP
= RAMP
FLAT TOP
W SQUEEZE
B ADJUST

" STABLE BEAMS

o)
116 W BEAM DUMP

1.3%

5.3% 6.1% -1.1%

25



2011 Proton Run: Beam Dump Causes

- m STABLE BEAMS B MDs excluded BPAZA m All beam dumps

| |
(" ) 4 )

Beam Monitoring Related E=35TeV
Orbit, BPM, Beam Loss, Collimator 12
| > 1012 protons

adjustments, BCM, Feedbacks
\_ ) g J

(" )

Machine Protection System
LBDS, PIC, BLM, BIC, SIS
- J

4 )

Programmed Beam Dump
LBDS, PIC, BLM, BIC, SIS
\ J

4 _ )
Equipment
Equipment faults, external conditions

etc
\_ J

-
1

0 100 200 300



2011 Proton Run; Beam

m 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

Dumps by First Trigger

m without MDs  m including MDs

-

\_

mechanism, even though the FMCM

PIC is the dominant protection )

is the fastest MPS system.
FMCM trips are typical of electrical

network glitches y

40 60 30 100
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2011 Proton Run; Beam

Dumps By Cause

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

Operational error
Orbit Excursion in IR6
Beam Interlock System
Experiments hardware

Software Interlock System
Water cooling

Access system

Beam Dumping System

Powering Interlock System
Collimator positions not correct
Controls system

Vacuum system

Feedback, tripping one circuit

Electrical Network
RF
Power converters

Cryogenics
QPS

E—

r | | A
E=35TeV

| > 1072 protons

g ‘ ‘ J

“Top 5 List”: 77% of dumps in SB

1st QPS

2nd Cryogenics

3rd Power Converters
4th RF

5th Electrical Network

| |

0

10

| | | | |

15 20 29 30 35 40
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2011 Run: Machine Protection

=Xxpert Analysis

2011 Run Dumps at 3.5 TeV by MPS Cause

L] Dumps at 3.5 TeV by MPS Cause
Bl SEU Confirmed

BPM 'I\*:g """""" A - [ Possible SEU ]
BIME - )
Orbit [l | Dumps analyzed by I\/IPS team = 240
MPS test |- -
v | Non-programmed dumps = 172
hod - | Dumps confirmed as result of SEU = 42
pecess Bl | Dumps suspected as result of SEU =16
Beam Loss NS S R S S— R S S R S SO
LBDS B bASsenasianadednsanassnas: bAsasnasixanadeassasesanas: asassaseapiapesiieaciiil. -
Coll Sys PN .. ..... ........ ..... ........ ..... ........ -
PCEEEE - . . N -
UFO Bl A S U USROS SO U ASUSUUUUION SOOI
vVAC B ............. ............ ............ _
co — .. USRI AEUUUTUIS USSR ARSI AUSUUUUUINE SUSURI
EL Net ' ' ............. _____________ ____________ i
PC | | | SOOI S AU SN ]
RF | | | |- AR S— ]
Cryo e T T -
QPS ' ' ' ' ' ' | -
0 5 10 15 20 25 30 35 40

Number of Beam Dump Events

Note: Blue and yellow histogram bars are stacked.
Red and green bars are not




2011 Run: Machine Protection

=Xxpert Analysis

2011 Run Dumps at 3.5 TeV by MPS Cause

L] Dumps at 3.5 TeV by MPS Cause
| | Bl SEU Confirmed
"""""" e |:] P055|ble SEU

MD

----------- - N

Dumps analyzed by I\/IPS team = 240
Non-programmed dumps = 172
Dumps confirmed as result of SEU = 42

VVVVV | Dumps suspected as result of SEU =16 ||

EXP
Access
Water

...........

Low Statistics, but
Nno abnormalities in
SEU distribution

~

J

Beam Loss
LBDS

40

Stable beams duration by MPS Type

Coll Sys
PIC

UFO
VAC

CcO o T S i

EL Net ' ' ' ' ' ' '
PC | | | B SUURRRN SRS AUUUNONE N l

RF = SRR S l
Cryo | | | | ' ' '
QPS

35 vvvvvvvvvvvv

0 5 10 15 20 25 30 35 40
Number of Beam Dump Events

Note: Blue and yellow histogram bars are stacked.
Red and green bars are not

I All Beam Dumps evaluated by MPS

: B All Non-programmed Dumps evaluated by MPS | |
. |l Dumps where SEU Confirmed

10
Duration of Stable Beams (hrs)

15

[ Dumps where Possible SEU

20 25
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Summary and Comments

* Performance:
e Machine Availability: 76.7 % (213.2 out of 277.9 days)

* Time with beam in the LHC: 47.2 % (131.2 out of 277.9 days)
e Percentage of allocated Physics time in Stable Beams: 33%

e Stable Beams Duration
e Most probable = 6.44 hrs
* Average = 5.56 hrs
¢ 50:50 Point = ~ 4hrs

e Turnaround Time
e Most probable (SB->SB) = 4.59 hrs
e Average (SB->SB) = 13.81 hrs
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Summary and Comments

e Downtime and Turn Around
e Cryogenics recovery time still the biggest factor
¢ 25.9 days or 9.7 %
e Cryogenics SEU Mitigations show benefits
e Faults need proper recording/tracking.
e Proposal to upgrade tools/procedures

® Injection has potential for improvement of turnaround time

e Beam Dumps
* Non programmed dumps: 375 (78%)
¢ During Stable Beams (p-p Run): 168 (35%)
e Equipment failures still dominant MPS dump cause
e QPS still at the top of the MPS dump cause list
¢ 2011 Run: Stable beams fills dumped by SEUs: 24%
e SEU mitigation should improve 2012 performance (eg Cryo, QPS)
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Spare Slides
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—volution of

4 )

Emittance variations
more prevalent for
Beam 2.

Both beams show
INncreased variations
IN luminosity
production phase.

Caution: further
analysis of BSRT dat
IS needed.

Ratio (EOF)/(SSB)

—mittance Variation over a Fill

Emittance Variation over a Fill

e o Horizontal
e o \ertical ||

| 1 1
04/03 23/04 20/09 09/11
o ! ! ? |
0 f(Beam 2): § o o Horizontal
g ._90 ............ . ...................... ............ . . Vertical .
— o : ‘ ‘ Y
o . ey e
~ oL I A « g4 IR
o 8 & | .
S 1| o dge aielrer s amadity: 5
o | ey i1 A : ' ..... : “ ."
b+ : : : :
& a® g% ° , e | o :
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