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@l 2016 Retrospective — User View !

 The LHC Control System very stable in 2016

* Suite of applications, fixed displays &
feedbacks have evolved & matured over 5
full years of LHC beam operation

e Early problems of database slowness in
regenerating settings for BP mitigated

e Still room for some improvements
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2 Priorities from Evian 2015

Kajetan’s talk, “Controls - an OP perspective”, revised

mproved Filling Diagnostics
mprove integration of QPS/PIC/Equipstate

1
2
3. Improved Automation of Sequencer, Scripting
4. Know the State of the machine at a given time

 Important to improve robustness of PC interlock system
 First step towards a real state machine

5. Improve Window Management on Consoles

. Startup scripts implemented to configure default applications and their
window positioning (for upper tier fixed display screens)

 Non-exhaustive list! More “nice to have” requests
5
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Improved Filling Diagnostics

* Quick analysis of injections problems between SPS & LHC
e Uses a generic analysis framework which can be used b

other applications

e Used in the next version of the BIS

LHC Injection Diagnastic *++ BETA =

lbaha | A BETA

¢ Attempts || & Ring 1 Tree | & Ring 2 Tree D History

Injection analysis Ring 1
Assertions status
Evaluated at 04-Dec-2016 09:08:26

Evaluated 2 days 1 hour 16 minutes 18 seconds age

Assertion Status
Injection attempt completed
Number of PS batches matches requested in CBCM

Number of PS batches matches executed in CBCM

RING 1 requested in CBCM
CBCM

RING 1 executec
Protons are requested in CBCM
d in CBCM

Protons are exec
OP SWITCH Beam 1 OK

Requested RF bucket published in LHC telegram

Requested Ring bucket published in LHC telegram

SPS SIS INJL_LHC_SW_PERMIT OK

SPS SIS LHC_B1_TI2_SW_PERMIT OK

SPS SIS TTBO OK

Sub-permits of IN]_B1_PERMIT OK [excluded: ADT_BUNCH_INTENSITY_B1, REQUEST_R1]
RING B1 PERMIT [excluding OP_SWITCH]

BIC Beam 1 OK [excluded: FMCM_RBIH_29314, OP_SWITCH

IN]_PERMIT OK, excluding POST_MORTEM

IN]_PERMIT_POST_MORTEM OK
SPS BQM is OK

Status | giccessFuL || FAILURE || ERROR || NONAPPLICABLE

Injection analysis Ring 2
Assertions status
Evaluated at 04-Dec-2016 09:31:40

Evaluated 2 days 0 hours 53 minutes 5 seconds ago
Assertion Status

Injection attempt completed

Number of PS batches matches requested in CBCM

Number of PS batches matches executed in CBC
RING 2 requested in CBCM

RING 2 executed in CBCM

OP SWITCH Beam 2 OK

Requested RF bucket published in LHC ti

ram

Requested Ring bucket publish
SPS SIS INJ2_LHC_SW_PERMIT OK

n LHC telegram

SPS SIS LHC_B2_TIB_SW_PERMIT OK
SPS SIS TT40 OK

Sub-permits of IN]_B2_PERMIT [excluded: ADT_BUNCH_INTENSITY_B2, REQUEST_R2]
RING B2 PERMIT [excluding OP_SWITCH]

BIC Beam 2 OK [excluded: FMCM_RBIH_87833, OP_SWITCH

INJ_PERMIT OK, excluding POST_MORTEM

IN)_PERMIT_POST_MORTEM OK

SPS BQM is OK

Status [ g

UCCESSFUL H FAILURE || ERROR | NONAPPLICABLE
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Sequencer: multi-tasking

Heavily used and working very well

Manual option for parallel execution of sequences

Time savings possible if this could be automate

But still keep shift crew
“in the loop”

Example:
Prepare Ramp...
Move out injection

protection collimators
7

> LHC Sequencer Execution GUI (PRO) : 5.0.2

Sequence Feedback Help

L = +

¥ RBA: Ih
cop QLP Open Control

PA 2016: NOMINAL SEQUENCE FOR 6.5TeV (B1 Pb) (B2 p) 22

v [ Pb-p NOMINAL 6.5 TeV

& SET ACCELERATOR MODE=PA PHYSICS

 CHECK HYPERCYCLE 6.5TeV_2016_pPb ACTIVE

(1 PREPARE FOR INJECTION - Pb-p RUN

P 7 PREPARE FOR INJECTION - Pb-p SPECIFIC

P JPREPARE FOR INJECTION - COMMON PART

P [ CHECK BQM CONFIGURATION FOR Pb-p

~ [ PA 2016: INJECTION PROBE BEAM B1-Pb B2-p
P C7INJECTION PROBE - SPECIFIC B1-Pb B2-p

P C7INJECTION PROBE BEAM - COMMON PART
("_‘[FA 2016: INJECTION PHYSICS BEAM

(1 PA 2016: PREPARE RAMP

(1 PA 2016: RAMP TO 6.5TEV

[110ON-PROTON REPHASING AT 6.5 TeV SMOOTH
(3 PA 2016: CHANGE OF TUNE

(1 PA 2016: SQUEEZE IN ONE STEP

(3 PA 2016: COLLISIONS ALL IPS AT 6.5TEV

[1PA 2016: PREPARATION FOR STABLE BEAMS AT
(1 PA 2016: PROGRAMMED DUMP WHEN STABLE BI
(1 PA 2016: RAMP DOWN FROM 6.5 TEV

4

v YT YT Y YV Y YW

a— | B
Run Step || M Skip

SUSPENDED
Console | Details| Result
SUSPENDED on [787] H

server logs

&

Close all Refresh all

ARM LBDS B1 AND B2 2015

PA 2016: PREPARE RAMP -+ x

¥ (7 PA 2016: PREPARE RAMP

() PREPARE OFB SETTINGS WHILE FILLIN
[CJENABLE POST MORTEM EVENTS

(7 PA RF CHECKS: WATCHDOG&FREQ BL/i
(JDISABLING INJECTION AND INj COLL O
[ DISABLE INJECTION CLEANING

() HANDSHAKE END OF INJ - SM&BM = PR
(7 PA: CHECK TUNE FEEDBACK CONFIGUR
() SWITCH OFF ABORT GAP CLEANING
(7 PA 2016: PREPARE OFB FOR THE RAMF
« PAUSE FIDEL TRIMMING

(JSWITCH TUNE FB ON
("_“INCDRFDIU-\TE INJECTION TRIMS INTO
«w CALCULATE FIDEL RAMP CORRECTIONS

«w MAKE LHC USER FIDEL RESIDENT

& MAKE LHC USER.RAMP RESIDENT

» CHECK THE COMMUNICATION WITH THE RF| |
[ LOAD RAMP SETTINGS IN PC&RF FGC
[JARM LONGITUDINAL BLOW-UP

[ EOAD-COARSEPH-OT-COLLRAMP-SET[. |

[ T— Dl

M stop

-

v v wvwvvw

-

-

v v v

1l suspend

RUNNING
Console | Details| Result

Incorparating: src user=LHC.USER.INJECTION @ Q)

null dest user=LHC.USER.RAMP @ 0, parameter
groups and types = ORBIT-H({K),ORBIT-V(K) ATS
CHROMATICITY(KNOB),ATS TUNE TRIM{KNOB) ATS
COUPLING(KNOB)... ﬂ

B

o &

DISABLING INJECTION AND INJ COLLOUT 20 | - || + || x

< (] DISABLING INJECTION AND IN]J COLL OUT 2
b ~JENSURE INJECTION IS NOT POSSIBLE
P 7 INJECTION COLLIMATORS OUT
3 ("_“MOVE TCT IP2-B1 IP8-B2 TO START RAM

[ | B

1l suspend W stop

RUNNING
Console| Details | Result

By S GV ] LIS e )
CollimaterStatus#mdcState' to be
'WAITING_COMMANDS'...

Waiting collimator(s) 'COLLIMATORS_TCT_INJ_IP8/
CollimaterStatus#mdcState' to be
'WAITING_COMMANDS'... E

Sequence prepared : Sequenceld = SM_CHECKS-INJECTION_PROBE&FILLING-PREPARE_RAMP®@622@20161204005920437

)
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&) Luminosity Scan Client/Server

* Very nice tool for luminosity optimization & Emittance scans
* Proper reservation management via server, avoid conflicts
Used intensively during physics fills

New features for VdM scans

Reliable and robust

~ RBA: Ihcop

Scan Parameters - BP: PHYSICS-6.5TeV-60cm-120s-10NS- 2016 VI@120_[END] @ 6499.1 GeV  (PES2-PROTON)
Nominal Emittances: H=3.75um V=3.75um Beta” : IPL=0.6m IP2=2m IP5=0.6m IP8=149m Scan limits : IP1=3.0 sig. IP2=3.0 sig. IP5=3.0 sig. IP8=3.0 sig.

* Further developments s

Task Manager | Lumi Display | Optimization (< [IP1, IP2, IPS, IP8] % | IP steering % | IP steering % |

Optimization View

R views | | [ [m]5]=8] ] 7B More B seron Loek
a n I I e O r 1P Selection Scan IPL [04/12/16 D1:58:57] & 67 | Scan IP2 [04/12/16 01:58:57] &6
= 160000 {=—Teqend

{= TLegend |
= HORIZONTAL] = HORIZONTAL
VERTICAL VERTICAL

% 012 § 140000
e 2 2

* Levellin D
5 01 5
E E

0.09- 100000

0.08-
-0.04 -003 -002 -0.01 0 -0.06  -0.04  -0.02 []
Separation [mm] Separation [mm]

Scan IPS_[04/12/16 D1:58:57]

85 65 | Scan IP8 [04/12/16 D1:58:57

= Teaend |
o
- VERTICAL | -
H H
£ £
£ E
H H
3 3
T
-0.005 0 0.0050.010.0150.020.025 -001 0 001 002 003 0.04
RUNNING Abort Optimization! Separation [mm] Separation (mm]
Selected Monitors [arb. units] [04/12/16 01:59:03] 56
Results
IF Status X Imm] f (mm] 0.24
Hew Optimum Faunt - ~2.7093E-2
unning - - CLoy
HNew Optimum Fauncl 8.3608E-3 - o1
Running - - -
0.05
© T T
8 0L:55 0L:56
Time
|01:55:43 - Newzsk: IP steering I3
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)l Tune &Chromaticity Estimate

* Convenient tool to quickly measure and correct Tune

and Chromaticity

* Time saving on routine trims
during filling process

e Data Viewer Views
o & Tune evolution
o [@] Deltap evolution

QBEAM1, H [29/10/16 12:22:48]

2 (&

= LHC Chroma Estimate & IZT
|_kbona |
“chroma | tune | more...
Calculation Strategy: [RATIO_OF_FIT_AMPLITUDES |
BEAM1 H Measure BEAM1 H Target AA AA BEAM1 H Corr. AA AA|
5.76 10.00 0.00
H YY vy Y vy
BEAM1 ¥V Measure BEAML1 V Target AA AA BEAM1 V Corr. AA AA
11.49 10.00 0.00
= YY VvVY Yy vy,
BEAM2 H Measure BEAM?2 H Target AA MMl BEAM2 H Corr. AA AA - Trim
6.46 10.00 0.00
v vv vy vy
BEAM2 V Measure BEAM2 V Target AA AA BEAM2 V Cor. AA AA
12.38 10.00 0.00
Y vv Yy vy
[ sis [ 2010 | o |[ +s ][ -5
(@ views R More |
[ Explorer & & 65 | QBEAML, V [20/10/16 12:22:48] 86

2| [ela

s

No Exception to display...

o [@] Tune vs. deltap 0.281 |
I & 0312
o elected tune history 0.28+ A
o [ selected chroma history| 1 CEEUST
0.2797 0.308
Laids T T T T 0.306- T T T T
12:22:00 12:2215 122230 122245 1222:00  12:22:15  12:22:30 1212245
Time Time
QBEAM?2, H [29/10/16 12:22:48] & 63 | QBEAM2, V [20/10/16 12:22:48] 1~
=) [o]a] =) [ofa]
o] TR 7
l \1¢
o 8BV
f VTV
0.279 \— v/
/ [ \
0.278+/ ‘\,f \1
12:22:00  12:2215 122230 122245 1222:00  12:2215  12:22230 122245
Time Time
fit buffers
Clear

®

§) 12:22:34 - Chroma cannot be calculated, because the phase phase difference (2.1753556481644765) too far away from 0 or 2Pl Qolerance=0.5).

IV
! size: 60 Set
vv
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Power Converter Interlock

* Checking Power converter currents within tolerance

e Connected to SIS interlock

* Also a useful display of time remaining in Beam Process
* Ramp, Squeeze, etc

Power Converter Interlock GUI

A > b g
7y 2% send Feedback [ |~ RBA notoken @ v [ RAMPDOWN @ 937 seconds [PC Interlock status @ 2016-12-04]
3=
| |
= D Power B Status Statistics LHC State !
EEehs : Converters Ewvolution Ul_lu Ul_lu =
DataSet start time | User State |G - Al name 4| acqu.. |state |curr.. | min [A] | max.. |within.. |interl.. |
B ALK RPLE.UA23.RCECYE.L2B1 tria " RUN... o
f Group a RPLE.UAZ23.RCEBYHA.L2B2 true RUM...
RPLE.UA23.RCEYHS.L2E1 true RUM...
RPLE.UA23.RCEYHS4.L2E1 true RUM...
Select: All | None RPLE.UA23.RCEBYHS4.L2B2 true RUM...
RPLE.UA23.RCEYHS5.L2E1 true RUM...
LJ MATCHING QUADRUPOLE |4 RFLE.UA23.RCEYHSS.L2E2  |brue  RUN..
] oRBIT-H
] oRBIT+ RPLE.UA23 RCEYWS.L2B2 true RUMN...
) TRIPLETS RFPLE.UA23 RCEYWS4, L2B1 true RUM...
[ THnE ¥ || RPLE.UA23 RCBYVSA.L2E2 true RUM...
= = RP| R.LIAPA.RCAYVES. 2R] triua RLIM...
RPLE.UA23.RCEYV,L2B1
[Bviews MR 0 8 B LorrfmTore _| o =
Limits [04/12/16 06:46:07]
L
504
é .| / ,
= T T T T T /
‘, 800 800 1000 1200 1400 1600
time within BP [s
|| Auto save 5]
Il ™ Hyper cycle name: 6.5Tel_2016_pPh Reference user name: LHC,USER, PCINT_RAMPDOWMN
10 l 11 J H \‘Q “ HI”‘. J Beamn process name: PC_INTERLOCK_REF_RAMPDOWN-6,5TaW W1 Time of loading: 18 Mov 2016 11:13:08
|
|01:23.12 - Successfully connected to tepf fims-co-prol 616807 wireFormat.tophNolelayEnabled=truse ’
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9 Human Error & Controls 1

 Human variability is a force to harness (especially at 2am)

* Ask why the control system defenses did not catch the
(human) error (rather than blame the individual)

 Machine Protection defenses proved to be very robust

* All cases caught by clean beam dumps
 Downtime due to human error could be improved
* 52 events “Ops Mistake” i ”

* 63% Injection

* 17% Ramp + prepare
* 10% Squeeze

| Y _J - ~/ N R W -
'\ Al oSS Py | > \ ,_:‘ 2
0 =) — N 2
o fo % y | A Ao i
e 10% Stable Beams -7 o v ' |\ EENLC
o R\ TS A 2 “--—___J. .._~.'.-.‘rv‘;.::-'$':‘;":‘1 N N ’ 3 /9
S L o~ — r AN YRS o\ L7 i
o = ; AVEA SR <O /
e — B e b 3
‘- e -/ 3 A

Foto: FOR
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@ Human Error: Some examples

e Beam bumps with PM, Category “Operational Mistake”

* Errors mostly during MD and Beam Commissioning

* Errors on override of SBF with setup beam

* Unintentionally forced to SBF false
* Errors with masks, hidden interlocks
* |Intensity over threshold wrt energy
* |ncorrect sequence execution
* Switch on ALICE Dipole instead of Solenoid

* Errors in MD Setup/recovery from MD

SPS Parameters
am Mode ~ NO _BEAM Setup Bearmn Flag TRUE
Beam 1 Beam 2 Frobe Beam Flag TRUE
Beamn Intensity 0.0E0 [p] 0.0E0 [p] LHC Cycle Flag
cxup Beam Flag AT ST
AWAKE Cycle Fiag
am Presence Fiag
LHC Setup Beam Parameters
hine Energy oz4cCew . Forced
FFFFFFFF 1 rorcen |
FFFFFFFF z rorcen |
e eame ring
Equation Mode  NORMAL
i Factor 1 0.o00m
Timeout
Factor 0.00m
Facor 5 ooom || ForceSBF Equation to NORMAL
Factor

07:54:49 - using cern.accsoft. commans.mgt. jmx. RBAAUthenticator (remote M

e E.g. Coarse collimator setting without BETS-TCDQ mask

* Preparing Hypercycle change with circulating Beam
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S Human Error & EquipState
e Recovery from PC faults, frequent occurrence
* Risk to switch off a sector by mistake

e Cost: At least 1 Precycle, 40 minutes
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9 Human Error: Defences

e Popup confirmation on global execution
commands (eg EquipState)

* Improve SBF override checks

* Possibly via improved state machine
* MD pre-planning detail and tidy up after
* Mitigation measures already added to SIS or

* Keep 2 sets of eyes on tasks

even seemingly trivial
(Especially at 4AM!)
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i EYETS Controls Schedule

* 5 days CO maintenance from 5 —13 January

e CO core services frozen by 30t January (LHC last to start)

 CBNG build tool (CommonBuild replacement) Tests in progress
* Training for application developers in February

* See: https://wikis.cern.ch/display/SUWG/EYETS+2016-2017

Controls Operation requests during EYETS — Q1 2017

e = . . ] .2
Centrah Stat ban sEurce Close 585

Jan r-.r.--lr-t*::m FEb and linacl ) Mar Skart linai 2
& 7 B 9 10 | 12 13
| n # 1 0| n
| G| i
4 r_' g H
Su / |
7 - — |
Controls NOT LIN3 LHC
operational ISOLDE +LN4 Upgrades Courtesy
LINZ SOURCE frozen for Marine Gourber-Pace
ELENA IMJECTORS

Controls NOT
operational 12-14h
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i EYETS work, LSA team

* Function & Function List Type (FESA3, CMW, FGCs)

e Better Settings Archiving
* Problems with Cache size early in the run
* Clone BPs at beginning of run (with Trim History)

* Consolidate LSA Suite
e Eventual eradication of individual LSA applications

18
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LSA Suite Consolidation

 Work in progress between OP (requirements) and CO (implementation)

* Essential functionality needs to be incorporated into LSA Suite

 BUT OP also need to keep an open mind to changing working habits

* In both CO and OP interest to operate the machine from LSA suite in 2017
e Liberate CO from maintaining duplicate applications

— —
2)_Trim Editor (v10.0.0) connected to server LHC (PRO -

[ » reamcop [@uc |>| [Gee |-

Beam Processes

DISCRETE_LHCRING_ADTDSPU_PHYSICS
DISCRETE_LHCRING_ADTDSPU_PPh
|OPERATIONAL

Setung parc ® vaue O Target O Correction

LHCALLFrfinFh

LHCALLFTIAPY

Delta change

Dol

{ Parameter selection - No Particle transter
(i

eter Groups  Type Groups Parameters
MK 10C ABORTGA =] [ALLPhaseShil ;.. - @
MKI 1QC REF UHCALLFifinPhase/Phase
OREIT_REF

ars
RF HY

[RF IN] PHASE B1

RF INJ PHASE B2

RFSCOPE

sap

TUNE_REF

TUNE_TRIM_INT

VIRTUAL DEVICES |

- o = Select All

= Select All Seledt., Hierarchy Show Fiel.

| | Search parameter by name:

Trm History | Time base: ®
NON.MULTIPLEXED.LHC |

- 38 rim

Trim Expert Params:

19

Trim Application

—
LSA Applications Suite (v 10.6.14) : aatd B
File Applications Search Help
S| | @uac|w| (@ rp |v| | 47 |% || |[E] ~ rEA: ncop
Settings Management x|
Source
Beam Process Parameter Group [~] Property Parameter
T T | [ALLPhaseShifter/Phase LHCALLFrfinjPhase/ Phase
ORBIT_REF =
QPs
RF HYV
RF INJ PHASE B1
Sy RF IN] PHASE B2 ||
(CollimatorBP-Parking RF SCOPE
DISCRETE_LHCRING_ADTBPOS_HIGH [sMP
DISCRETE_LHCRING_ADTBPOS_NOMINAL TUNE_REF
DISCRETE_LHCRING_ADTBFOS_FILOT TUNE_TRIM_INT = Select All
DISCRETE_LHCRING_ADTDSPU_S0ns VIRTUAL DEVICES - e T
41 0 I bl Select All Select All i
100 OPERATIONAL E || parameter fitters.. v
Trim 2 Setting Par: | @ value (O Target () Correction | Time Base:

Trim Settings
[] Transpose table

oy © PARAMETER: _NON_MULTIPLEXED_LHC
LHCALLFrfnjPhase /Phase#phases  |-309.0
o || HCALLFrinjPhase. [-299.0
Compare v
Generate v
Acquire | Drive v

02:05:14 - Parzmeters loaded for LHC

LSA Suite Trim
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9 EYETS OP Team projects

* Luminosity Scan Client improvements, Levelling
* Separation plane levelling first

* Followed by Crossing Angle levelling

* Preparing the way for Beta* Levelling (later)

 Complex software implementation
* LSA Expertise help required |

* Close collaboration
with CO/APP planned

 Eradicate old Lumi scan
ﬁ

application
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@ OP soft teamwork approach

e OP Team trying a teamwork approach to software development

e (other OP members also developing LHC software outside the team)
* Slow to get started using new approach, but payoff in long term
 Team meet-ups hampered by shiftwork duty

* Heavy burden to maintain software following authors departure

* This problem is alleviated by a teamwork approach

* Room for more \
volunteers in |
the team!

21
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[ Teamwork software approach

Still navigating in a complex environment

= Equipment devices

et

- B

| Logging e

z
e 4
G
<
-
w
o
o
(o)
w
o
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9 Summary

* The LHC Control System has reached an excellent level of stability
and efficiency in 2016

 New tools are contributing to fast and efficient operation

* Keep in mind the Human factor, and try to catch the errors
 Teamwork on software development projects, the way forwards
 EYETS is not so “Extended” for Controls

* Plenty of work-in-progress during EYETS in preparation for the
2017 startup: CBNG LSA Suite, Lumi Levelllng etc

----'ﬁ—- 1 L] N

h_\&-' W o= ‘glﬁ?

AN

Photo courtesy of Daniel Valuch
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