Automation in the SPS and LHC
and its effect on operator skills

The past 20 years have seen great advances in the CERN accelerator
control systems. Low level operation skills have been largely replaced by
sophisticated sequencers and feedback loops. At the same time, a drive
for greater efficiency, a tendency for more complex accelerator
operations and a need to reduce the risk of "numan error" have rendered
these tools essential. The effect of this controls evolution on operator
skills will be analyzed in the context of SPS and LHC accelerator
operations at CERN.

Guy Crockford, BE/OP/LHC, CERN
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[0 The CERN Accelerator complex

[0 Brief history of accelerator controls at CERN,
A progressive evolution towards greater automation
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The CERN Accelerator Complex

Proton Synchrotron (PS)

Circumference 628m
‘Energy 26 GeV
Since 1959
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Super Proton Synchrotron
(SPS)

Circumference 7km
‘Energy 450 GeV

Since 1976
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Large Hadron Collider(LHC)

Circumference 26km
‘Energy 4 TeV /beam
*Since 2008
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1959 PS commissioning
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Wolfgang Synchrotron design
Schnell based on strong focusing
B theory
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Radial position pickup
feedback on RF phase

* Key to passing transition
| energy and on to a brief
world record 25 GeV

Beaten 6 months later
by the 33 GeV AGS at
Brookhaven




1976 SPS Startup, 400 GeV

|
« First fully distributed control system.

 Front end mini computers joined in a network to the control room.

« Application software written with “Nodal’’ interpreter.

» QOperations Group
taking an active role
in application
software
development.




1983 SPS P-Pbar collider. W, Z Boson

Simon
van der Meer

Carlo
Rubbia

Nobel prize 1984

Stochastic cooling key to producing intense antiproton beams

Need for automatic countdown sequence of checks before extracting

the precious Pbar stack

1988: prepare the SPS as the injector for the future Large Electron

Positron collider, LEP

*UNIX workstations running “C”” code application software

*High level software, physics parameter trims with full trim history




1990s LEP operation up to 200 GeV

Alarms \

Fixed displays

Application software

Sequencer\

 Huge progress in control system A
e Database driven settings management, tr|m mcorporatlon
« Greatly improved reproducibility of the machine




2012 LHC operation at 4 TeV /beam

]
O Intensities —4x101* @ 4TeV. Automation tools essential for
safe beam control and fast turnaround between physics fills.

[0 Big advances in computing power and application software by
now written in Java language.

0 Well established sequence of tasks to drive the machine via

Seqguencer tool.
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Automation today in the SPS

[0 SPS providing beams to many users

B Fixed Target, Neutrino, various
MD cycles, beams to LHC

[0 Need for frequent and rapid cycle
changes (LHC fills).

[0 Tools to quickly check and optimize
beams.

Meyrin Site

r

Fixed Target

e LU UDE, iDL

SC 2523 (38BP, 45.63) 'T: 90ms

Neutrino CNGS

iH-Uisic claus SPS-PAGEL Current user: SFTLONG2
L LR tare: 5y secondaragh SC 32674 (39BP, 46.83) FT: 9690 ms

Experiment Target I/E11 %SYM Experiment

H2/H4 T2 25.2 96 a H2/H4

H6/H8 T4 42.5 95a H&/H8
COMPASS T6 106.2 S 97 a COMPASS

T10 0.1 1

130 E11 OK (0)
Vi 141 E11 OK (0)
3149 E10 2911 E10 LHCFAST1 62.9 E8

Comments (29-07
Phone: 77500 or 7

LHC Probe

30-07-12 02:55:30 ST AL
Last update: 3 seconds ago

SC 26069 (36BP, 43.2s)

FT: 500 ms

I/E11
28.2
51.3
103.1
0.2
150E11  OK(0)
157 €11 OK(0)
3234 E10 3060 E10

LHC 50ns

Current user; LHCL

£0=U/=1c 1/7:30.38
\ast update: 4 seconds ago

%SYM Experiment
95 a H2/H4
9la HE/H8
9la COMPASS
1
Comments (26-07-12 16:13)
Phone: 77500 or 70475
tuning beam to FT




Injector Chain: Cycle Management

» Allows rapid cycle editing through timing tables

o All machines linked together through same timing system

 Around 30 cycles resident in front end, ready to be “played”

« 20 years ago, an SPS cycle change would take at least 2 hours

Edit BCD /SFTLONG? - CNGS1 - LHC1 - phase 0/1/2]
File Edit RChecker Tools Specialist Help

CIEIY RN

Typ

Desciiption | Rule violations | Selection |

Type— [ Filter

Selection |LELEARLY.2_D- >CPS.|_LHC.2_2- >5PS.LHCION2.7_3

sps | |[uskr][LHcasT || | Preview

AND |~ ||cPs | = |[USER] LHCPROBE |~ | |[| LET  EARLY.2.0
S ILHC.2.2

il >4 L] SPS  LHCION2.7_3

|+ USER

- USER

‘ Apply Reset
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3
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E
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SPS: Automatic Steering (Autopilot)

« Automatic steering of beam on fixed target

OpenYASP V4,99.60/June 12 T2Transfer / SFT_LONG |
File AcgfHW Options Status-Control Optics & Model Steering Trim Machine-specials Help

e |njection e e A 2 X, L o

Acq SPS.USERSFTLONG2 Data Sets Autopilot

OSCI I I atl O nS i e @ SHARING-TE(-}/T4+T2(+) ¥ | Configuration
4 SHARING-T4(-}/T2(+) % Skip acquisitions
| @ o

@} v RBA spsop SPS.USERSFTLONG2 : 4400-14090 ms

- = :
!_ 17:52:08 - Trying to relogin with policy. LOCATION —
|| 17:52:09 - rbac.setup = 'PRO

17:52:10 - RBAC: Atternpting 550 login ..
17:52:10 - Mo master or renewable token found

Steering 17:52:10 - RBAC: Antempting ping login ..
o 17:52:10 - Connected 1o remate server: "hitps: /jrbac-pro2.cern.ch:
[V] Read Feloading ¥ v| Stop when target reached
i 9 v B 4 17:52:10 - RBAC: Ping login succeeded
SPLITTERL 17:52:10 - RBAC: Attermpting 550 login

[]Simulation mode

17:52:10 - Master token found

17:52:10 - Connected to remote server: "hitps: frbac-prol.cern.ch:
17:52:10 - RBAC: 550 login succeeded

17:52:10 - Obtained LOCAL_MASTER token: #0xc3&fc902
17:52:10 - Olnained APPLICATION token: #0xcd0ab3cas

17:52:10 - Mew REA Token was set 10 CWW. RBAToken[=erial=0xd0
17:52:10 - Mew subject is setl

17:52:10 - rbac.setup = 'PRO’

18:22:04 - Autopilot starting ..

15:25:09 - Autopilot starting ..

Atopilor ¥ 2 )
Client List

e Convenient
but may erode
[] Autosave [Isi 1
O p e ratO r WDimeEne:  [sutduis e ot oniianing..

Load Last | F |
- - -
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SPS: Beam Quality Monitor

e Check of key beam parameters before extraction to LHC

Check on batches
of up to 144
bunches

« Avoids bad quality
beam reaching the
LHC

 Important fixed
display snapshot
of each extraction

Fi

159

le Reference

SPS Beam Quality Monitor - SPS.USER.LHC4

P & 4 [ @ 12 Jul 2012 08:27:42 SPS - LHC4, 25

LHC4 -

o3

[¥] Auto Select LHC Cycle

[=[e]x]

Expected Beam Pattern

Results

[(5P5 [ LHC SSC Number: 21888 2012.07.12 08:26:54
Status | Graphs | Injection Graphs | Data
Burich Spacing Time |Cycle .| Master | Dump | Beam |1stBu..|Bulengtn|Bu Lenat | Bu Feak |Bu Peak.| Stability | Sateliites| Pattern | warnings
08:26:54| LHC4 | LHC |Enabled  OK Ok Ok ok ok ok ok Ok oK =
08:26:14| LHC4 | LHC | Enabled Ok ok ok oK oK oK ok ok ok
Nurmiber ol Bunchis/per Eatth: 08:25:34| LHC4 | LHC | Enabled| Ok oK oK oK oK oK oK. oK oK
08:24:55 LHC4 | LHC | Enabled| Ok Ok oK Ok ok ok Ok Ok oK
s 08:24:15 LHC4 | LHC |Enabled Ok 0Ok 0k ok oK ok ok 0Ok ok
Number of Batches: 4 08:23:36| LHC4 | LHC oK oK ok oK oK oK. oK oK
v 08:22:56| LHC4 | LHC oK oK oK 0Ok ok oK
e 08:22:16| LHC4 | LHC oK oK oK oK oK oK Ok |wrong..
Number of Bunches Total: 4 08:21:37| LHC4 LHC 0k Ok Ok Ok Ok Ok
X 08:20:57| LHC4 | LHC Ok Ok Ok Ok Ok Ok =
08:20:18| LHC4 | LHC oK oK oK oK. oK oK
Catiings [] | [ 081938 twea | 1nc oK oK | Ok oK ok ok oK
e T 08:18:58| LHC4 | LHC ok ok oK ok ok 0ok Ok |wrong..
WL nabled [ ] 08:16:10] LHC4 | LHC ok ok ok ok ok ok
Verify Pattern: [Enabiea [+ 08:17:39| LHC4 | LHC Error | Etror Ok | Emor | Eror | Emor | Eror |No bea.
08:17:00| LHC4 | LHC oK oK oK oK oK oK. oK
Acquisition Full Scale: 1Yy b =
& [ 08:16:20) LHC4 | LHC Ok ok ok ok Ok Ok Ok
A ad 08:15:40| LHC4 LHC Ok Ok Ok Ok Ok Ok Ok
Bunch Length Min Threshold: 0.95us e BE = 50 . B o0 o = 2
vy R
. s 08:14:21| LHC4 | LHC oK oK ok ok ok
Bunch Length Max Threshold: 1.80ns 0813424 LHC4 | LHC oK ok Ok Ok CLs
%0 08:13:02] LHC4 | LHC oK oK ok ok ok
o aa |-||[081z:22] tHC4 | 1HC oK oK oK oK oK
Bunch Length Standard Deviation: 0.50ns 08:11:43| LHC4 | LHC L Ok CLs el el L
v 08:11:03 LHC4 | LHC ok ok ok ok
i hkd 08:10:24| LHC4 | LHC ok Ok ok Ok
Bunch Peak Standard Deviation: 0.430v 08:09:44| LHC4 LHC Ok Ok | No bea...
vy 08:09:04| LHC4 | LHC oK oK
i had 08:08:25 LHC4 | LHC ok ok
Bunch Peak Min Threshold: 0.250v 08:07:45| LHC4 | LHC Ok Ok
W 08:07:06| LHC4 LHC Ok Ok  Couldr.,
A aad 08:06:26| LHC4 | LHC ok Ok | Could .,
Bunch Peak Max Threshold: 0.485v¢ || 08:05:46] Lhca LHC Ok Ok | No bea.
y¥v ||| os0%07] Lnca LHC Ok Ok
. . 1.00 08:04:27| LHC4 | LHC oK oK
e 08:03:48] LHC4 | (HC | Enabled| FError | Error | FEmor | Frror Ok | Emor | Emor | FEmor | FEror |No bea.
s LHC4 | sPs [ Enabled Ok ok ok ok ok ok ok ok ok
e 154 08:02:28) LHC4 | SPS | Enabled| Ok ok Ok ok ok ok ok ok Ok
o 08:01:49| LHC4 | SPS | Enabled Ok ok ok ok ok ok ok ok ok
" 08:01:09| LHC4 | SPs | Enabled| OK oK oK oK oK oK oK oK oK
Satellites Mid Bucket Threshold: 5% CUSHENCLCaN - Ok Ok Ok Ol Ol Ok Ok Ok
v 07:59:50| LHC4 | SPS | Enabled| OK oK oK oK oK oK oK oK oK
a T I 07:59:10] LHC4 | SPs | Enabled Ok ok 0ok 0ok Ok Ok Ok

[] Continuous Saving

\08:27:10 - Results D,




LHC Injection Quality Check

& LHC Injection Quality Check = =
File Mask Help

- [~ meameop Beam 1: ¢ 7 Beam2: o/ Last injection: Beam 2

2x1013 per batch |
2012-07-30 2:51:30.680: Beam injected! EQMs: Injected 1 bunches(1 bunches circulating).
@ 45 O G eV f ro I I I BEAM EXTRACTION | INJECTION KICKER |sEA'M. Lst'Mo‘Nch:Rsl RF BUCKET CHECK | INJECTION OSCILLA.., TRANSFER LINE RF PHASE |

2012-07-30 2:51:30.859: EPM analysis was good: injection oscillations are within thresholds.

S P S RMS_H MAX_H RMS_V MAX_V

580 0.2474 0.5418 0.2843 0.6534

Automatic check
“Fer bunth | Trends
Of e aCh b atCh Of 7 R AT 7 TS

2 2
E
-t - E 1 i
w
l ’ " [ | 1] nal | I [
S po=lL . _=m_ il e R = amE - n 04y =HL- =0 _Hulla ol amnlla . —Ham
B (L " b | Ill' mey | LI Ll | LU L] (L1} | Ll Ll | lII 'II' lIlI ]
- - T 14
=]
Injecte :
T T T T T T T T T T T T T T T T T T T
0 1 10 15 20 25 30 35 40 45 1} E] 10 15 20 25 30 35 40
Monitors Maonitors
‘Ead bunch acceptanc..‘l ISad BPMs acceptance: I I

| Gel LSA references H Set references ‘/\\/;,' ' Interlock
&
-
K I C ke r p u I S e | Get last result B1 H Get last resul: B2 | ‘ Stop monitoring: B1 H Stop monitoring: B2 | ‘ Unlatch: B1 H Unlatch: B2 |

Beam loss monitors
RF Bucket and phase check

Injection oscillations and transfer line beam position




The LHC Sequencer

|
« Drive machine through 5555

\ﬁi v RBA: Ihcop %

- LHC NOMINAL SEQUENCE (B1 B2) 52| =1 SQUEEZE FOR BETA STAR LEVELING
a ‘ ea r p r e e I I I e Se ¥ [JLHC NOMINAL SEQUENCE (Bl & B2) 1| RaMP DOWN - PRECYCLE 1| - |[+|(x ||| PREPARE LHC FOR INJECT [~ |[+|[x ||| BI CHECKS BEFORE INJEC™[- |+ |[x

3

~ (1 INJECTION PROBE BEAM ofWATFORFAMP FINBREDSTZ [ || ¥ O LHC FOR INJECT ~ (1Bl CHECKS BEFORE INJECT
b £JRESET 600 A AND MAINS OF ALL SECTOR [WAT FOR RAMP FINBHED 523 o MOVE TO STATE=PREPAR/ . CHECK LBDSKICKER B1 IS
Of S e u e n C e S b [ LOAD-DRIVE INJECTION SETTINGS IN PC . [WAIT FOR RAMP FINISHED 534 o o CHECK LBDSKICKER B2 I¢
= b ] CHECK MKISS FINISHED - SWITCH ON MKI _ [WAIT FOR RAMP FINISHED 545 ¥ [ PREPARE MCS, BLM, BI! o [BPM CALIBRATION
« CHECK RF FREQ WITHIN S0HZ OF IN] SETTING! R o — b (7Bl CHECKS BEFORE Il . DC BCT QUICK CALIBRATI
b ) RESET COLLIMATOR WARN, ERR AND INTI [WATT FOR RAMP FINSHED 567 » [ SET SBF NOT FORCE . SET BLM CAPTURE TYPE =
b £RESET RF BIC [T TOR RAMP FINEIED 578 B b (3 CHECK MCS » RESET INTERLOCKED BPF
P [ CHECK Bl & B2 MKI ARE READY FOR INJEC v@ P[] CHECK BLM MCS ANLC © Bl RESET BMPD |
P ]CHECK ALL MAGNETS CURRENTS ARE AT ||~ R Taea mE‘ - bmﬁ BIS FRE-DFEMTIO% . EZ RESET BPMD Tllz‘
b [ CHECK COLLIMATOR INJECTION SETTING! T = o - T -
b £ CHECK ADT AND RF ARE AT INJECTION | SRS || e —
® OWS O r p a ra e taS . UNLATCH ALL SIS CHANNELS 1l suspend | » Run| step|| | 10 suspend |
P [JARM LHC BIC B1 AND B2 Console| Details| Result Console | Details | Result Console| Details| Result

-

()ARM LBDS B1 AND B2

- 7
[C)MOVE STATE/BEAM_MODE = INJECTION P} SEND COLLIMATORS FROM - | [+ | x ||| SEND RF FROM PHYSICS Ti[ - | [+ |[x |
eXe I O n o LOG START LHC FILLING =t 5 -
C u = b £ INJECTION PHYSICS BEAM v [ SEND COLLIMATORS FROM | || ¥ []SEND RF FROM PHYSICS 1

-

b [3PREPARE RAMP P [JLOAD COLLIMATORS ENEI I [ CHECK/LOAD RF SYNCH
b 1RAMP [ « CHECK BETASTAR LIMITS FO ~ LOAD MQ_RATIO ON RF V|
P [ SQUEEZE TO 0.6M 2012 jSEND ALL COLLIMATORS P (7 LOAD INJECTION SETTI,
P [ PREPARE COLLISIONS FROM END OF SQUEE: [JSEND ALL COLLIMATORS P (1 DRIVE TO INJECTION SI
I B () RESET COLLIMATOR WAR P [ LOAD SPS FREQUENCY

v v v v

N ETRIED [ CHECK NO COLLIMATOR F b ~RF LBDS FREQUENCY Li

: — — (] CHECK NO POSITION INTI b 1 RESYNCHRONIZE RF BE
. an run sequences
( ) || C—

) || ( m ]
Console| Details| Result - . B
RUNNING, PLEASE WAIT...(1 sec to:  RUNNING, PLEASE WAIT...(30 sec to

automatically, or o el [l e
manually step through. ...

«Clear execution status and error reporting.

«Sequences fully maintained by operations group.
Convenient sequence editing tool.




The LHC Sequencer

n GUI (PRO) : 2.1.2

Sequencer Exec

Sequencer Feedback Help

5] |* RBA: Ihcop
LHC NOMINAL SEQUENCE (B1 B2) &2

X

= [ LHC NOMINAL SEQUENCE (Bl & B2)
[ dPREPARE LHC FOR INJECTION (ALL BUT PCS)

P C3 INJECTION PROBE BEAM

P C3 INJECTION PHYSICS BEAM

P 3 DISABLING BEAM 1 INJECTION AND TDI B1L OU”

P 3 PREPARE RAMP

P 3 RAMP

I °1SQUEEZE TO 0.6M 2012

I -3 PREPARE COLLISIONS FROM END OF SQUEEZE

P -3 MOVE STATE/BEAM_MODE = STABLE BEAMS

F 3 PROGRAMMED DUMP WHEN STABLE BEAMS

P 3 RAMP DOWN - PRECYCLE COMBO
Gl I 5)
PREPARED

P Run . Step”ﬁ 5kip|

Console  Details | Result |

Server logs

PREPARE LHC FOR INJECTION (ALL BUT PCS) |
< [ PREPARE LHC FOR INJECTION (ALL BUT PCS
. [MOVE TO STATE=PREPARATION
« CHECK HYPERCYCLE 4TEV_10APS_0.6M ACTIVI
< [ PREPARE MCS, BLM, BIS, Bl FOR INJECTIO

|| BI cHECKS BEFORE INJECTION

=~ (3 Bl CHECKS BEFORE INJECTION

-@ [CHECK LEDSKICKER B1 IS NOT ARMED
CHECK LEDSKICKER B2 IS NOT ARMED
BPM CALIBRATION

-

-

I 3 BI CHECKS BEFORE INJECTION
1 SET SBF NOT FORCED
7 CHECK MCS
(7 CHECK BLM MCS AND START BLM SANI"
(77 BIS PRE-OPERATIONAL CHECKS
3 SMP PRE-OPERATIONAL CHECKS
OSET BQM TO PILOT SENSITIVITY

I 3 PREPARE FEEDBACKS FOR INJECTION
P 3 SEND COLLIMATORS FROM PHYSICS TO I
I 3 SET OUT THRESHOLDS FOR ROMAN POT:®
P 73 SEND RF FROM PHYSICS TO INJECTION
« CONFIGURE BEAM CONTROL ACQUISITION FO! |1
(3 SEND ADT FROM PHYSICS TO INJECTION
O SWITCH OFF ABORT GAP CLEANING
(73 DRIVE INJECTION CLEAN AND ABORT GAP |
(3 PREPARE KICKERS FOR INJECTION

(< I [

VvV VvvVvvYw

VvV Vv

121

DC BCT QUICK CALIBERATION

TEST FAST BCT DUMP ACQUISITION CHAIN

DC BCT (24-BIT ADC) OFFSET CORRECTIOMN

SET BLM CAPTURE TYPE = IQC

RESET INTERLOCKED BPM

Bl: RESET BEMPD

B2: RESET BPMD

SET BPM SENSIT=PILOT

P 3 RESET TURN-BY-TURN BPM CONCENTRATOR

>

L

I I

PREPARED

|7b Run| Suspend | 5tep||ﬁskip|

Console | Details | Result |

ey AR AR 2 AL LA L AT TR L e SRS, MO
user=nulll;user=UserPrincipallname=lhcop, roles=
[[DIAMON-Operator, SeqlLhcOperator,
SeqHwcOperator, SeqSpsOperator, LHC-Operator,
OP-Daemon, SPS-Operator]]l:extra=null]
SWITCHING TO MODE: MD

bJ

PREPARED

|7k— Run| Sy | 5tep||ﬁskip|

D

user=nulll;user=UserPrincipallname=lhcop. roles=
[[DIAMOMN-Operator, SeqlLhcOperator,
SeqHwcOperator, SeqSpsOperator, LHC-Operator,
OP-Daemon, SPS-Operator]]l;extra=null]
SWITCHING TO MODE: MD

=

e

e e

Sequence prepared : Sequenceld = PREPARE LHC FOR INJECTION (ALL BUT PCS)@1478@20120729234144943
Sequence prepared : Sequenceld = Bl CHECKS BEFORE INJECTION®@1479@20120729234303655

(L Tl > |




LHC: The State Machine

= State Machine : 1.13.3
vkain | | wessessse [ ~ rBA: no token

State machine name: OPERATIOMAL STATE MACHINE

e Checks that all mandatory tasks i
have been performed at key break- e

- - P -~ —
| BEAM DUMP |- PREPARATION = = STOP |
. 4N 4 \ J

points in the sequence o o

s 2 ™
{ FILLING )
\ J

——
| PREPARE RAMP |=
\ J

e Glves “green light” before -

S| [ E—
/ ~
SQUEEZE |

proceeding to a new BEAM MODE —

S

e N
( sTABLEBEAMS |
G SRR

« Handshake with experiments

Reason:

& LHC-EXPTS Handshakes e e

| Sequence: SM_CHECKS  PREPARATIONSFILLINGAIN DUMPIN) PROBE = |

30-Jul-2012 02:37:56 Beam Mode: SETUP Liizhle

|~ 5 SM_CHECKS-PREPARATION&FILLING&IN)_DUMP-INJ_PROBE
INJECTION ADIUST BEAM DUMP TI2 SETUP TI8 SETUP o|CHECKINIARLE L OADED
LHC Handshakes STANDBY STANDBY -_ ;;‘:ECCHKEZIT(MPPI\:Z::IBLED
ATLAS Handshakes VETO VETO e
ALICE Handshakes VETO VETQ p D(C::Egl(( TD"? i:n RF ARE AT INJECTION

P 7 CHECK COLLIMATOR ENERGY THRESHOLDS
CMS Hand Shakes VETD VETOQ P £JCHECK COLLIMATOR BETASTAR THRESHOLDS FOR TCTS

LHCb Hand sha kes VETO VETO VETOD 3 [JCHECK COLLIMATOR AT IN] SETTING
TOTEM Handshakes VETO YETO :}13#9 43 respanse subscription vaiseReceived OPERATIONAL STAT.

Last update: 18 minutes ag




LHC Software interlock + Announcer

L
B2 Qperstion = Uniaich al chinnels | Help

5] * e ihcop

o Software surveillance and interlock on machine [ oo
critical systems and states. e :

« Latches an interlock beam dump or injection o *

SHF_PREOFS_CHECK
AND] SOULEIL_FACTOR_CHECK

kicker inhibit.

B L
[ B L [AND] VENTILATION_DOGRSOK
| B L [AND] WPS_IT
+ P [AKD] POWERING PERMIT
M = - S P IAKD] RIKG_BL FERNMIT
« Compliments hard wired beam interlocks o " U ow e v
- !B L [AND] RING_PHYS_EL
i 5 L [OR] COD_SETTINGS_PHYS_B1
B | BEAM MODE_KOT STABLE
E L [AND] COD_SETTIMGS PHYS_Hv_BL
| CoD_SLTTiINGS_PPHYS_iH_i

e Same system in both SPS and LHC. L ——

= L [@R] ORBIT PHYS Bl
| BEAM_MODE_KOT_STABLE

E L [AND] CREET_RLADING_MHTS_H

| OBRBEIT_READING_PHWS_H_E1

| ORBIT_READING_FHOS_V_EI
F- L [OR] ORBIT TOTEM. 118M_El

« The Announcer is separate system based on
the same software (separate logic tree). BN .

M | BEAM_MODE_KOT_STABLE

E L |AND] Con_SETTINGY_PHYS_HY_LX
| COD_SETTINGS_PHYS_H_B

i * L [@R] ORBIT_TOTEM_228M_E1
= P janD] Bk G_D2_ TR
I »

| COD_SETTINGS_PHYS_V_R2

* Monitors various systems to announce o .m
warning messages according to equipment B Ry
state. e

AND] RIKG_FERMIT

Chmie |




LHC Tune Feedback

1966.34 - <2= Uleant_FFT. UptiateSefiings( - update read sefings.

i
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LHC Luminosity scan and leveling
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LHC: Post mortem viewer
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Coping with Automation
|

[0 Train new operators on beams where they
have freedom to make trims and optimize

[0 Involve crews in non-standard operations and
MD studies (which involve switching back to
manual operation) where ever possible

[0 Make crews the stakeholders in automation
processes. Software development and
sequence maintenance |

[0 Avoid “Black Box” systems.
Provide a display and interface




Conclusions

=

Automation today in the SPS and LHC has evolved over
many years through the experience gained from various
accelerator projects, and made possible by technical
advances in computer controls.

Ever more ambitious and technical accelerator projects
require a larger degree of automation to operate safely
and efficiently.

Operator workload today implies a higher degree of multi-
tasking. A larger number of tasks must be performed both
quickly and efficiently.

Operations should also be involved in automation process
development and maintenance.

Handling intense beams at high energy in the LHC leave no
room for operator error. Automation becomes an
Imperative.




Thanks for your attention!




