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Introduction to CERN complex
CERN was founded 1954: 12 European States

Today: 22 Member States.,

~ 2600 staff
~ 1280 other paid personnel
~ 11000 users *

Budget (2016) ~1000 MCHF
i

Distribution of All CERN Users by Nationality on 20 January 2017
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CERN Accelerator Complex

CERN



CERN Accelerator Complex

@ATLAS
EXPERIMENT

http://atlas.ch

CERN



Operational tools

CERN control infrastructure is composed of:
+ Alarge number of Front-End computers > 800 i
v Ahuge equipment diversity > 500

v A big number of
physical devices to control ~45000

/

- Operator is not expert, he should diagnose faults, if the problem
persist an equipment specialist will intervene and hopefully solve
the problem.

Efficient operation tools are extremely helpful for operators and are essential
for machine reliability.
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Front-End Software
Architecture
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Front-End Software | \
Architecture
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Client interface

SPS-PAGE1 Current user: MDZ2 2.91E+10 22-09-18 16:20:05
SC 102 (27BP, 32.4s) Last update: 3 seconds ago

Magnetic Field

Target I/E11 MUL 2%SYM Experiment
T2 £6.1 16 93 a H2/H4
T4 42.2 4 87 a H&6/H8&
T6 122.0 12 94 a COMPASS
T10 23.1 0 47 NAG?Z
Phone: 77500 or 70475
SETPRO? 3387 E10 3258 E10 Comments (22-5ep-2018 16:17:26)
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Client interface

SPS-PAGE1 Current user: MDZ 2.91E+10 22-09-18 16:20:05
SC 102 (27BP, 32.4s) Last update: 3 seconds ago

Magnetic Field

I/E11 MUL %SYM Experiment
T2 56.1 16 93 a H2/H4
T4 42.2 4 87 a H56/H8
T6 122.0 12 94 a COMPASS
T10 23.1 0 47 NAG2Z

Phone: 77500 or 70475
SFTPRO2 3387 E10 3258 E10 Comments (22-Sep-2018 16:17:26)
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AP2CAV0.12.0  Global |

Equipment state and control

Device Selection

Property Value (210 b)- Mon Aug 06 01:43:09 CEST 2018

Cvcle Selectlun

» AL

® 5PS |JSER AWAKE]L
® 5PS.USER HIRADMT1
® 5PS.UUSER HIRADMT2
j ® 5PS.UUSER.LHC1

| ® SP5.USER.LHC2

® 5PS.USER.LHC25MS
® 5PS.USER.LHC3

® 5PS.UUSER.LHC4

| @ SPS LISER | LIFE AN i

[»]

Property Selection (dbl-clk = new)
® ExpertStProperty

® OperStPropeny

zl ® AlarmDetails

® Alarm

® ResetProperty

® ExperiCmdProperty

® OperCmdProperty

r"'-J
=

e

3 evers [ ot

i [] cavity_faults _33323333 B
& [Line_sT IRF_ON
| GAGGAAES
i [ ] TxATubes ST |Aaaasaae
i [ ] TxA_Online |true
i [] TxA_Remate |true
i |@Omas IRF_ON —
S |l i []TxA ST info Numbﬁr of retries exceecece®™ ==
G| ——ﬁ‘
E |25 5 = == \
& [ TxA_Summary_ST true
-
2 |l /& [ TxA_Timeout |fa|se
i [ TxA_busy |fa|se
[ataadaas
dh [] TxA_faults LYTLTLTL
GG
i [ TxBTubes ST |Aaaaaaas
& [] TxB_Online 4 =
i [ ] TxB_Remote " =
pro lon. -
Tetried excesdad - Tx might bem a partial status |
, |
Viewers Srch




 /
Equipment state and control

Cavity 1 Cavity 2 Cavity 3 Cavity 4
. Remote . Online . Remote . Online . Remote . Online . Remote . Online

A} L gemre ) A ]
T™X 1 ™ 2 TX 3 TX 4 TX 5 TX 6 X7 TX 8

Cavity 1 L Cavity 2 L Cavity 3 L Cavity 4 [

RF_DRIVE RF_DRIVE RF_DRIVE RF_DRIVE

s mwm=m
—mvm=
M mm=m
—-mwim=

R, mI

Faults detected: Faults detected: Faults detected: Faults detected:




LSA (LHC Software Architecture)

v Around the ring, we have
thousands of different devices

v In order to work they need to

be given settings Se—
W ,,Y'
They need to know what to do E 8.&
e ———— |

LSA does it: manage settings
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LSA (LHC Software Architecture)

LSA Is a database:

v Every change is registered.

v Allow reloading of previous settings at any time.

SPSBEAM) QV SPSBEAM/QV (22-04-2018 033418)

v Provide physics model-based —
controls for operation.

it

- MBI/IREF - hardware level parameter

%6

- TUNE/QH - high level physical parameter

bk

v Parameters organized by hierarchies.|®

I

T T T T T T T T T T
| 1000 2000 3000 4000 3000 o0 700 8000 9000

—— ——




Hierarchy and calculation

How to calculate main magnets current in SPS from a momentum function ?

Machine design:

Machine run energy: 400 Gev
Dipole magnet field: 1.8 T

Calibration factor is specific to dipole magnets
B= MOMENTUM 1.8
B 400
Example with a LHC beam:
450%1.8
B= 400 =2.025T

CE/RW
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Linear interpolation of B
in a lookup table.




Hierarchy and calculation

ROFAS6K |————»  ROFAS61 |——> RPHE.UAG3.ROF.A56IREF |
D'AE?M‘ RQD.AE?" (2] RPHE.UAE?JE%:‘&-ELE?%FEIHUO{‘; High-Sensitivity B1 (CONT.B1)

/ /Fé'F.Aﬁ?.H I——>»  RoF.A67I
/l{;;n.mm ——>  RaD.A3M

File Edit Run Timing Configure Fitter Settings Help

FPGA @ g ;20 =Tl - no comment - - | - ! -
AF-AB'IIH H H-QF-AB'IJ‘ i_ Q Tune Measurements [Vj g o]
£
/mn.nz:m > rRap.a231  —[iAc - B1 - Fillz6573.0 Z o
2018-04-18 00:17:40 g
ROD.A45K RQD.A451 i— RAWRFFT: 2048 turns@6.2Hz et
no excitation
ROFA34K |——>» RoFA3Ml  —(Qi= 3075 Qx= .3111 o0 [
Q2= .3154 Qy= .3118 oo LL N TACTREY | AT
LHEBEanH g RQD_H?BM H RQD_H?B" i_ |C—| — 0079 E — 64993 Gev [1] 005 01 015 02 025 03 035 fl::‘qm:.:,s[fm,]
——________)’ QIX = e Graph - v i ACQ#i 0E| Misc. -n:\
\RQDMZM ;—)' RQDMZ.!’I i— Q'y = e LHC - B@mem - LHC_CONT Bl - 2018-04-18 1
ROFA23K | ———>»  ROFA231 | — {
A H
RQD.AE-IM H RQD.AB-II“ i_ : : Spawn TuneViewer Display g e
Y o cormmen z
ROFA4SK | ——>  ROFA451  —
Y
ROD.AS6K |——— >  RoD.ASGN | — . .
R Y @ auto-save 1204 | | | | | | | i
R(if-n"zm i ’ RQF.nnlzn i J @ J m] [} 0.05 0.1 015 0.2 0.25 0.3 0.35 f[::‘lquez.:fﬁ[frev]
‘23 42:43 - <2> FFTSettings - Expert changed - Setting LHC.USER LHC pa
ROFA78K |———>»  ROF.A781 UREI.RUF. F

LHC Horizontal Tune Hierarchy




Hierarchy and calculation

TCDD.AL2NSIGMA

TCDD.4L2RequiredAbsPositionFunct#left_tlownstream i

AL2RequiredAbsPositionFunct#left_uj

_\_\_\_\_\_‘_‘—\—\L |
TCDD.4L2RequiredAbsPositionFunct#right

TCDD.4L2RequiredAbsPositionFunct#left_ld

TCDD.4L2HalfGap#Angle I—) TCDD4L2/JAWHAngleLeft TCDD.41L2RequiredAbsPositionFunct#left_uj
R ———
TCDD.4L2RequiredAbsPositionFunctéright_i
ey
TCDD.4L2RequiredAbsPositionFunct#right

TCDD.4L2RequiredAbsPositionFunctileft_i

AL2RequiredAbsPositionFunct#left_uj

TCDD.4L2HalfGap#Aperture  TCDD.4L2/JAW#PosLeft TCDD.4L2RequiredAbsPositionFunctéright_g \

TCDD.4L2RequiredAbsPositionFunct#right

TCDD.4L2RequiredAbsPositionFunct#left_q

TCDD.AL 2/ JAW#PosRight TCDD.41L2RequiredAbsPositionFunct#left_u

_\_\_\_\_\_\_‘_‘—\—\_\..
TCDD.4L2RequiredAbsPositionFunct#right_t
—
TCDD.4L2RequiredAbsPositionFunctéright _ap

LHC Collimator aperture Hierarchy




Tools use-case

File Reference

7 . fi@ll save to LogBook
+ L

* |user: SPS.USER.LHC1 SC: 6 #Acquisitions: 3308 sampling time: 5ms_|

S|

PS'BCI"Meastrement v3:4:20

SPS-PAGE1 Current user: MD1 0.00E+00 24-09-18 13:05:45
B

&) SPS-MultiQ V 5.5.2

SC File Tools Help Cycles

ECBEEMM: @

Filter:
¥ RBA spsop [Size 341.3 ME (55.8 freg)

SPSIFastiBCT Measurementvor70
lity Check - SPS.USER.LHC1

ng Status [0 Set |20 FFT | Raw & FFT | Coupling | Diag | SuperSet Data | 0 Data [0 Trim [0 Trin |
B LHCMD3 > SPS_DUMP # 207 FMultiQ v 5.5.2 + - 0O X
@ 2DH+V H:2D + spectrum Vi 2D + spectrum
Q' Sets [ Auto @' [ Q Trim [ @' Trin | Radial Trim | Ampl cut -1.00 / Set 301 - LHCMD3-5C206_175ep18_18-09-07

Size 3413 MB (52.5 1
Acq | Config | FFT 10820 | Q Sets | Q SuperSets [Size ( ree)

BBQ Acq ( Device: SPSEQSE1 )

[G[cvns -] 20000
BBQ Parameters
Start (ms) : |0 5top (ms) : (24000

T—rRaw& FFT rCuuphng ru Diag rsuperSet Data ru‘ Data |/Q Trim |/!!' Trim |

@ 2DH+V H:2D + spectrum ) V: 2D + spectrum
/ Set 305 - LHCMD3-5C210_17Sepl18_18-10-52

15000
ms) - - 7
i : = E 0.2734, 10255, -45.8469)
Chirp Parameters = 10000
cre o [Concament <]
-l—a Plane Q min Q max Ampl Enabled 5000
§| Hor [0.450 Jlo.500 los0 [im|
T [0.420 lo.500 lo50 [im]
T‘ [] Trim Damper Function [ ] Damper Noise OFF - 1
Te 0 0.05 0.1 0.15 02 0.25 032 035 04 0.45 05
ApTH1 NG chirp Signal Selector H [NERGBIZAN QH
| or O v o sereccor v

Ampl cut -1.00 / Set 301 - LHCMD3-5C206_17Sep18_18-09-07
[] Force Settings B — i = _

L
D O|[@] e

l TG0 42 - REMOVINY S8t BEQ_LHUMD3 _SCLE9_1/5ep18_16-01- .| £

£/ 18:08:42 - Garbage collector called by Removing oldest Set il e
18:08:43 - Saved Darta 5et 10 SDDS Juser/slops/data/SPS_DATA/MD _DAT £

N[ 18:09:08 - Set Setting#accState to ON = 10000

18:09:08 - MNew data received for user LHCMD3

18:09:08 -

“** BBQ data set

> File name = BBQ_LHCMD3 SC206_175epl8_18-09-07.sdds.gz
» 481 Q points for SC # 206

> 246272 points starting @ time 0 ms

> Point interval 50 ms

> Beam presence detected : true

18:09:08 - Removing Set BEQ_LHCMD2 5C190_175epl8_18-02-04 sdd
18:09:08 - Garbage collector called by Removing oldest Set

18:09:09 - Saved Data Set 1o SDDS Juser/slops/data/SPS_DATA/MD_DA

Voo e ) e

« I I [¥]

> Beam presence detected : true
18:10:54 - Removing Set BBQ_LHCMDZ2 5C194_175epl8_18-02-50.sdd

v
18:10:54 - Garbage collector called by Removing oldest Set =

4] 1 ] [v]

T
Ié 16:27:22 - Warning, alarm on monitor SPS.BLM.21772.TPST. f A
|




Conclusion

Front-End Software Architecture and LHC Software
Architecture are two essential tools for operation at
CERN:

* Adapted to a huge number of devices to control

* Provide high level accelerator machine parameters

* Optimized for expert and operator work

These powerful tools combined with good operation
skills contributed to achieve high performance and
reliable operation.

CE/RW
3

NS



Thanks to CERN BE/CO group,
and specially to the FESA team, LSA/ INCA team and G. Kruk

Thanks for your attention!
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