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Outline

* Controls technology (5 minutes)

- the good old days
- the intermediate period (the 1980°s...)
—> controls technology today

o What it needs before we can inject beams: N
A rapid walk through technical services

e Controling beam parameters...
the central masterpiece of accelerator control

* Additional circuits to improve/protect the
accelerator... quench protection, beam abort,
power abort, real time feedbacks, insertion
alignment feedback
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Controls technology

...d1d barely exist in the
« good old days ».
Machines were small 1n
size and all equipment
control was routed via
cables into a central
control room.

Switches, potentiometers
and indicators (lampes,
meters) were physically
installed in the control
room.

Beam Diagnstics was
done with instruments
locally 1n the control
room.

CAS 2005 Hermann Schmickler (CERN - AB)

Accelerator Controls






The intermediate period. ..

e Onset of computer control...

« No widely accepted industry standards existed for front-end
computers and for console computers; low educational level of
technical staff on computer technology

« Complete lack of standards for real time operating systems and
systems intercommunication.

* Networking only in its beginning
* Performance limits of computers were significant.

Still many systems ( beam instrumentation and RF) with direct
high frequency cables to control room.

e In terms of controls: a total mess
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Some keywords for LHC controls technology

Base the HW architecture on available
commercial standards and COTS:

— VME®64x standard pour complex embedded
I/O system with high performance demands
commercial VME PPC processor
boards(CES), including O/S integration and
support (LynxOS)

commercial cPIC Intel based processor boards
(Concurrent Technology for the time being)
and digital scopes

commercial serial controller boards, ADCs, ...

commercial industrial PC platform for non-
embedded systems (WorldFIP, PLC control)

HP Proliant servers for application servers and
file servers

WorldFIP for applications requiring RT
fieldbus features and radiation hardness

GPS for time stamping and overall accelerator
synchronization

Apply whenever possible vertical
industrial control system solutions:

— Siemens and Schnieder PLCs for industry-like
process control (Cryo, vacuum, electrivity, RF
power control, BT power control)

— Supervisory Control and Data Acquisition
Systems (SCADA) for commands, graphical
user interfcaes, alarms and logging

Restrict home-made HW development
to specific applications for which
industrial solutions are not available:

— VME boards for BIC, BST, Timing

\

N
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distributed system architecture,
modular,

data centric, data driven,
n-tier software architecture,

Java 2 Enterprise Edition (J2EE)
applications, Java technology,

XML technology,

client/server model,

Enterprise Java beans technology,
generic components,

code generation,

Aspect oriented programming (AOP)
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@ LHC control system Architecture

Client Tier Business Tier (Web Container)
EEEEEEEEEEEEEEEEEEERN fJEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETER

accsoft-settings

accsoft-optics

macsy-generation | DAO |Hibernateg e Datastore

!

macsy-sequence

Appli- macsy-trim

cations

macsy-exploitation

JAPC
remote
client

!

JAPC remote server

Parameters concentration Devices
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SPS Manual Tim V20204
Sgqumee . 565

Current sequence - S653v1 { [ Fltering on TI8
c1044 Device Type | H¥Name | staws | | Command [ Parameter | value
Cateyories | cycio | MCIRHEZG60 OFF = Py
(o MCIAHB320 OFF :
i =10l x|
Curr Sepence - SA81 : Fitering on SPSHING
C1044 Denace Typa HNams Status. Command Faramiser Vil
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e - LSO Start time ims) ]
= CA044 > 14200 LSTA S oeranen.sTanus Step ) 59
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Segquence - S Currem sequonce - 5651 g
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= 5007 2008 ) -> 6.5507RA00683%04, 6.5 ¥
______ — = — 0, 50, 100, 150, 200, 250, 300, ¥
= ]| [oeis Grimgns, [0 vy Won, P cinpley Himegram, [SPAGE] -7 clanr
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S i) | Tran T
54

Sequence . S9543
S65IvH (ACThe)
35403 (Residen

SPS OPTICS DISPLAY

Tools Optics Help

Action progress

|

Active Selection

SPSRING / 5546v1

/ 8PS.USER.LHCE486 : 0-20550 ms

T T T
4000 6000 8000
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Timein econds
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:
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Technical Services

Electrical supplies

Uninterruptible Power Supplies (UPS),
Arret Urgence Generale (AUG)

Cooling & Ventilation
Cryogenics systems

Vacuum systems

Access System (Personal Safety)

Interlock Systems (Material Safety)
1.e. powering interlocks, quench protection system

General services
(temperature monitoring, radiation monitoring)
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The “look and feel” of all these systems
example: vacuum system for LHC transfer line

Synoptic of the SPS Complex

A Yision_1: SPS_Yacuum E]\E|
Filei view |Action |5bS  Help vacadmin
9:19:07 AM 8/23/2004

Pressure Profile from 1801 to 1806

dction History
2004/08/25 09:14:54  INFO
2004003523 09:15:00  INFO Start lon Pump cortrolled by YPCIAL_S0303 by vacadmin@polhcimenez

View Action |Help | Sectors from 1801 to 1306

.4201‘1801 | 1802‘1803 | 1804‘1805 |_ Vacuum Iayout Of
PEDED EDED ED G Vacuum sectorisation of LHC TI8 LHC TI8

‘ 1BD1|1EID2 ‘ 1803|1EID4 ‘ 1305|1305

Bl Synoptic2
View Help Synoptic from 1801 to 1806
1803|1BD4
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A typical implementation

Central
Data server

Central & local
control room
Operator consoles

} Gateway

Siemens Gateway
WEFIP
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Digital Analog

Various front end interfaces agents
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Finally: Beam Control

—Transfer lines
—Injection and Extraction (beam dumping system)

—Beam optics controls __
I.e. all power converters

—Beam instrumentation
—RF

—Beam interlocks
—Collimation
—Real Time feedbacks
—Machine Protection
—Timing Systems

—Radiation monitors

'al

tic and dynamic control,

e will discuss 1n detail the setting at
injection and the ramping of the
main dipole power converter
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@Tools for the control of beam parameters

Requested Functionality:

Modern Graphical User Interfaces

Settings Generation available on 3 levels: ex: Tune

a) Current in QF, QD: basic direct hardware level

b) strength of QF, QD: independent of energy

c) value of QH, QV: physics parameter; decomposition into QF, QD strength via
optics model

Function Generation for machine transitions (energy ramping, squeeze); viewing of
functions; concept of breakpoints (stepping stones)

Trimming of settings and functions

Incorporation of trims into functions!
Very important: different models (constant value, constant strength...)

Feed Forward of any acquired knowledge into functions:
Cycle history, Beam Measurements on previous cycle

Trim and incorporation history, Rollbacks...
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Generic Equipment Control

Equip State - Ol x|
Current sequence - 56531 N Filtering on TI8

Cc1044 : Device Type H'kame Command Farameter | Value |

Categories {lBcT MCIAHEZ6U

T Cycle | |y MCIAH8320
L : MCIAHEF40

TI3 Sl Dl :| [BPM MCIAHS400 [R] DETAILED-STATUS

140 | BTV MCIAHS420 [R] EVLIST

‘| IMUGEF MCIAHE480 [R] MAG-CONNECTION

‘(| MIDEQ_SWATCH MCIAHBE500 [R] READ-CHECK-FNCT

i MCIAHE560 [R] READ-POLARITY

MCIAHB580 [R] TEMPERATURE
MCIAHBG40 [S] STATUS

Sequence - S653v1 MCIAHBG60 [L] LOAD-FUNCT

- ; MCIAHE720
S653v1 (Active) i MCIAHE740 [L] LOAD-ZERO-FUNCT

S540v2 (Resident) S I0iD [L] LOAD-TEST-FUNCT
5543v1 (Resident) MCIAVB070 [A] CONNECT-MAG-1
gg;g‘q Eges!geng : MCIAVE130 [W] CONNECT-MAG-2
i BEHEN 3
: MCIAVB150 ]
5854v3 (Resident) : M CIAv210 m :::F[; éh:;:T

55432
MCIAVEZ30

INIT-SOFTWARE
5543w3 MCIAVE290 b

56434 MCIAVE3 N
Refresh ; r Select All Execute

( Consale r Running tasks

09:04:37 - Executing comwand 3TATUS on cycele S5633wl.C1044.C0 on MBIS1e0M-M, MEIS1e0M-M, MEIAVE110M, MEIEVET74M, MCIAHSO0ZO0, MCIAHBOZO0,
MCIAHS100, MCIAHB160, MCIAHB1S0, MCIAHSZ40, MCIAHSZE0, MCOIAHS3ZO0, MOIAHS3I40, MCIAHS400, MCIAHE42Z0, MCIAHS480, MCIAHSSO0O, MCIAHABSEO,
MCIAHSS580, MCIAHBA40, MCIAHBGESD, MCIAHATZO, MCIAHET40, MCIAVEO10, MOIAVEOT0, MCIAVE130, MOIAVE1S50, MCIAVEZ10, MCIAVEZ30, MCIAVEZOO,
MCIAVEZ 10, MCIAVE3TO, MCIAVE3IOO, MCIAVE4S0, MCIAVE4T0, MOIAVES3O0, MOIAVESS0, MCIAVEG10, MOIAVEG30, MCIAVEEDD, MCIAVETIO, MCIAVETTO,
MCIEHAO40, MQIDEO10, MQIDEO30, MOIDET10M, MQIDSY30, MQIDABTS0, MQIDATTO, MQIFAO0ZO0, MQIFETOO0OM, MOIFSTVZI0, MOIFST740M, MQIFATAD, MIIESS13M

Executing command STATUS on cycle S653v1.C1044.C0 on MBIS1 601, MEIS1BOM-M, MEIAVET10M, MBIEVETY 740, MCIAHB020, MCIAHB080, MCIAHE100, MCIAHET 60, .

CAS 2005 Hermann Schmickler (CERN - AB) Accelerator Controls




AB a a a a a

é
~Current sequence - 5653v1 1 : Filtering on SPSRING
C1044 : Device Type | Hisitame | status | Command | Farametar | walue ||
Categories | “cyure | 7| |BLRING LSDA | = ([M] READ-TABLE 4 | End time (ms) |13000
|SPSRING - IMUGEF LSDB | M] PCCURRENTS - ||Start time (ms) 0
Tia Gl 1) ; LSFA | Y[R] DETAILED-STATUS Step (ms) 50
'- LSFR
TT40 :
Update 16:27:21 113|
MDr Mame Type and Yalue Axis
MD| [outputCurrent (double[]:261) > 3.0762659156251835, 2.... [Y
MD} referenceCurrent {{double[]:261) -> 6.564531730664454, 6.5... |Y
M'D'r-- theuretlcalCurrenl {{double[]:261) -> 6.550798400683984, 6.5... |Y
MDI time {(int[]:261) -> 0, 50, 100, 150, 200, 250, 300,... [X
Seguence - 56531 =t s E c R SR
MDf_ Potive kews @ [ -x 2 axis, [Y]-@vaeis, [E]-rzaxis gmage),  [D] - display line, [H]-:display histogram, [SPACE] -» clear
|1S653v1 {Active) MD}Z’ T e e e e e e e
1|15540v2 (Resident) MDI 400
28431 (Resident MDI L 5]
1|15546v1 (Resident) g | MDI L | IT
|3950v1 (Resident ; mpoll 3900 F
f i - L |
||5954v3 (Resident) : MD| : ] i
|S5543v2 MDf 300 - | |
55433 ; MD| L { '
55434 = MDI r | +|
Lidi-d )
Refresh 25“; ( L
> 200 | ]
[ Console || Running tasks | i .."-'-T | 4
16:23:54 - Executing command Losses in wEray on L ‘_-‘- | ,' II
16:24:19 - Executing commsnd Screen Position on 150 - -_-.- H 1
18:24:38 - Executing comwand PCCURRENTS on cycle L ¥ | : |
l6:24: 55 - Executing comwand PCCURRENTS on cycle 100 - -_,-"'- | { "‘
16:24: 59 - Executing cowmand PCCURRENTS on cycle L -__-" I p |
50 [~ g 1
IEmmwmmm@Rﬁa%ﬂﬁmmﬁwﬁﬁwm ok //
; f T T T T T T
0 2,000 4,000 6,000 8,000 10,000 12,000
X
—— theoreticalCurrent S referen_-::eturrem outputCurrent
Point # X Y | Z




@ Measurement of po

WeEr converters

Sequence - S653v1 Current sequence - S653v1 Device Selector
S653v1 (Active) C1044 LSDA =
St (oiaony |[Cotote ( Gy | - i
55461 (Resident) e C1044 (0->14400) ek
S850v1 (Resident)
50543 (Resident) 1A LSEC
MDH 10207
MDH 10407
MDH 10607
Refresh Select All MDH 10807 =
Start |0 | End [14400 | step 100 | Gt Sibstriie
LSDB/PCCurrents, cycle selector : 21410101, cycle : 106629, updated: 12:25:36
50
[l - ‘..‘\. -
|
- |
iy i i Subscription on LSFC@21410101
[
ok e I LSFC/PCCurrents, cycle selector : 21410101, cycle : 0, updated: 12:15:13
L { ' 400 =
| | [ ':'
2 . | 350 - =
150 - I
= ', | 300 - =
g ' | £ 250 - [
c 200 f o]
g { | S 200 —
| | |
||l 180} | !l
2580 i I E 100 II |.
'. t o | ‘I
||l 50 / -
-300 t f 0
(i |
50 T T T T T T T
il . 0 2,000 4,000 6000 8000 10000 12,000 14,000
\ Time in milliseconds
_400 , , , , —, , —— theoreticalCurrent outputCurrent referenceCurrent
0 2,000 4,000 6,000 8,000 10,000 12,000 | paint # ¥ ¥
Time in milliseconds
—=— theoreticalCurrent outputCurrent referenceCurrent
Point # X ¥ Z
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@ Visualization of the settings

Show settings selection - |I:I|5|
Sequence - S954v3 Current sequence - S954v3 N Parameter selection - TI8

S653v1 (Active) C2007 C2008 MQID.B03001
S540v2 (Resident) ||| categories |/Beam Process rCytIe | System Parameter

55431 (Resident)

SPSRING KNOB MOI101
S546v1 (Resident) o C2007 (0->13625) e Mgm 801001
5050v1 (Resident) C2008 (13625->16300) Ay MQID.BUSIJIJJI

505443 (Resident) TT40
S5433 ORBITV MQID.873001

554303 PHASE ADVANCE MQID.875001
So43va MQID.877001

Select All MQIDA

Ao

Setting for MQID.803001 in $954v3 [0-16800]

p

Settinas retrieved
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Trim

£ SPS Manual Trim V2.0-2004

Sequence - S653v1 Current sequence - S653v1 Parameter selection - TT40
S653v1 (Active) TT40 TT40 0--=0 MBHAL
(Resident)

iz Categories |""'Beam Process Cycle | System Parameter

[C1044] TT40 {10000->10500)
[C1044] TT40 0-->0 {10500->24400)

VALUE

x Trim

A Trim Point

7 Abort

[&) Trim History

500.0

current / &

A
f‘?..} Send to Hardware

@ Undo last trim

Editing MBHA /1

10000.0 12500.0 15000.0 17500.0 20000.0 22500.0 25000.0
time ' ms

n 10000

Trimring setting for b o 10 : i Ial-ator Controls



Trim history

Sequence - S546v1 Current sequence - 5546v1 | prchived Trims

Bt g ‘ LiE 23-10-2004 @ 14:57:41 : MICADO 2 correctors -T=  1.00
[Categories “Roam process || 23-10-2004 @ 15:08:39 : MICADO 2 correctors -f=  0.30 1 L : Parameter
SPSRING |1 1 5e2] Tig (1001| 23-10-2004 @ 15:11:27 : - BPMIV.85704 = 0.50 ; [MCIAY.83104/K
LG [c1052] TIg 0..>0]| 23-10-2004 @ 15:12:5 : BPMIV.85704 - = _0.50 MCIAV.83704/K
TT40 23-10-2004 @ 15:13:40: : BPMIV.85704 -T= 1.00 MCIAV.83004/K
24102004 @ 22:38:19 : Single kick @ MCIAV.85504 -f= 1.00 MCIAV. 845041
24102004 @ 22:38:51 : Single kick @ MCIAV.85504 -f= 1.00 [MCIAY.84704/K

24-10-2004 @ 22:39:21 : Single kick @ MCIAV.85504 -f=  1.00 MCIAY.85304K
MCIAV.85504/K

£, Trim Point

¥ rbort

(&) Trim History

% Send to Hardware

@& Undo last trim

Ready

-2E-4
18950.0 19000.0 19050.0 19100.0 19150.0 19200.0 19250.0 19300.0 19350.0 19400.0 19450.0 19500.0 19551
time fms
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Supporting Tools for Operation

* Beam Measurement — Inspection — Correction — Trim
ex: Orbit Correction...The whole suite of beam diagnostics

* Sequencing

* Online Machine Models

e Archiving of measurements

* Automatic logging and data retrieval (correlation studies)
* Post Mortem Analysis Tools

» Fixed Displays (the 16 big screens in the CCC...)
 ELogBook

e Statistics
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Orbit Steering

i

File Tools Optics Help

W W m ﬁ i I-'-lrﬁ m |&| Actiun-p-rngress Active Selection

Acq finished [ ] ©SPSRING/S546v1 / SPS.USER.LHC546 : 0-20550 ms
Acguisition

Steering [ Reference Data Sets I

Parameter : MOPOE_ Shared. heti
e m Event o Z211k0301
Acquire Mon Use as reference : ]

Jlbutosave is OF

lictive orbit set as reference
® Single _) Repeat Last Acquisition “ gi Euilding DV wiews

MOPOE config read from resource

C Single CFT @ Orbit Last Correction From Catalog i|[Read MOPOS config for 223 eleme
: J||[gaved data to

: . . : A ... sihpdeporsopdar bit/dat

19000 ms Right-click on button for arhit details | : A/ BRCSROE/ERERERLOERECS

[ Read CODs [ 11N Coast
YASP Dataviewer SPSRING S546v1
51 Monitors H+ %

@Jiews ‘ | ‘ =] ‘

+

Data header :
["] Show Reference i

honitor H - SPERING S546+v1 SPSIUSER.LHCS46 : 15011104 153031
7500.0

1511104 15-30-47 - SC # 275 CO @ 19000 mz
hean=Q -1237/RMS = 2740 .l'|3p = -0.05

™ I ||| 1 l.. 11 ||| ' I el .| I|. ) " . [
25000 | I '| it || ‘l || | L ' e ! ||' L oo

2500.0 —

HPos{umj}

-7500.0

[
0.0 25.0

Monitor H

Manitor % - SPSRING S546v1 SPS USER LHCS46 : 15M1/04 15:30:31
7500.0

1511104 1930-47 - SC ¥ 275 CO @ 19000 m=
Mean = G7IRMS = 2257 fDp =

-0.05
2500.0— I I | I I|
.25lll].l]—|l||“_ -I.--I.-I-I.-.II"II I- ""II I || 'l-ulll I'l'lll'l "'--I| lI'I|I-I||' l | .- "

¥ Pos (umj}

-7500.0

Monitor ¥
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Optics Display

7|

& Optics dizplay

SPS OPTICS DISPLAY

Everything
MAINRING HKICKER
SPSRING INSTRUMENT
Tig MONITOR
TT10 QUADRUPOLE
TT40 REBEND

SROTATION

TI8-JULY-04 ’ 0.0 50 1000 150 200 250 300 350 400 450 500 550 600 650 70.0  ¥5.0 80.0 850 900
TI8-MARCH-04 Order

TIZ-OCT-04-v1

TIZ-SEPT-04-v1

0.0 5.0 10,0 450 200 250 300 350 4000 450 500 550 600 650 V0.0 V50 000 E50  90.0
Order

Beam size displayed for optic TI8-0OCT-04-v1
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Configuration File: ‘ds‘Lacu:5nﬂ—sdds—writensrclau:csoﬁ—sdds—writensDDSCnnﬂg.me|

Destination directory: ‘C:\TempISDDS |

Farameter | Last update | Cyele ID |

ETVI_LS54 41895/getProfiles 11:30:27 34771
BTVI_TIE.81204/getlmage 11:29:56 0

ETVI_TIE.81204/getProfiles 11:30:27 34771
BTVI_TIE.81306/metimage 11:30:01 0

ETVI_TIE.81306/etProfiles 11:30:27 34771
ETVI_TIE.84304/getlmage 11:30:26 34771
ETVI_TIE.84304/getProfiles 11:30:26 34771
ETVI_TIE.84404/aetlmage 11:30:26 34771
ETVI_TIE.84404/getProfiles 11:30:26 34771
BTVI_TIS.84604/getlmage 11:30:26 34771
ETVI_TIE.84604/getProfiles 11:30:26 34771
ETVI_TIE.B8743Fgetlmage 11:30:26 34771
BTVI_TIE.87 437 getProfiles 11:30:26 34771
ETVI_TIE.87E04/getimage 11:30:26 34771
ETVI_TIE.87604/getProfiles 11:30:26 34771
ETVI_TIE.87750igetimage 11:30:26 34771
ETVI_TIE.877a0igetProfiles 11:30:26 34771
ETVI_TT40.400105/getimage 11:30:27 34771
BTVI_TT40.400105/getProfiles 11:30:27 34771
ETVI_TT40.400222/getimage 11:30:27 34771
BTVI_TT40.400222/getProfiles 11:30:27 34771
ETVI_TT40.400343/getimage 11:30:27 34771
ETVI_TT40.400343/getProfiles 11:30:27 34771

STEP_1.gpshbdPSN

Console rRunningtasks |

11:30:40 - Start monitoring parameter [MSE4183M/PCCurrents]

11:30:40 - Exception occured: [MSE4183M/PCCurrents]asynchronous operation on M3E4183M/PCCurrents@21890301 failed
cern.japc.ParameterException: Error —-132 @ StartTime exceeds cycleLength

Caused by:
cern.japc.ParameterException: Error —-132 : StartTime exceeds cycleLength

-

® b ntrols




ol Statistics

nb'1 = = n - 1]
Integrated luminosity per day in 2000 nb-1fhour & %
2250 225
e 104.50-104.99GeY
1 04-104 49GeV
== 103.50-103.99Ge"
2000 4 103-103.43GeY 200
102.5-102.95GeY
102-102.49GeY
m 101.5-101 99Gev
1750 11 ==101-101.49Gev 175
m 100.0-100 99Ge
145 6GeV
—a— Efficienc
1200 —-—Luminua?’:y per hour 10
1250 A 125
1000 - 100
750 - 75
500 4 S0
250 4 25
| |
|:| . T T T T T T T T T T [:]
o LFd BB dd P B B b o B B o b e B 0 e e B R R R G R e g o o o
nfiﬁ\z"‘ff\f el S Al AL e o T R T A e e W ‘?f.fl.- .\‘?}ﬂ;\\: n,'?w "?} \"3"-"{'3'-'},‘.’?:f:-,'?::'-\"f}’fﬁ{?ﬁ'ﬁﬂ;#;{%%h%%%%ﬁw ,’\’L;{%% %h%g"\:\

CUAD £LVUVO 11cClllldiil SCIUIICKICT (CLININ - AD) ACCeICraror L OI]U'OIS




@1 Retrieval of archived measurements

File  Edit

Wiew

Favorites

\\hpdepotiopdatadis

Toolz  Help

;J Back -

i}

Search Folders

> B |

Address I_; “whpdepothopdata4SDDS_LOGGINGY23 10_044BTYI_LS54.41831 Hgetlmage

Folders

=

o O e I IO IO O s R M|

,_|

=-.f SODS Data

10 lost+found

SDDS_LOGGING
05_
06_
07_
08
03_
22_
23
23

25
26_

Hrrnrrr e e e

11_04

11_04

11_04

11_04

11_04

10_04

05_04

10_04

BCTFI_TISDWHHECTFI.Shared. Actions. acquisition

BCTFI_TT40HBCTFIl.Shared Actions. acquisition

BLMI_TISHELMI ClazzGlobalCommactionList. blmacg

EFPMI_TISHEPRI. Shared. Actions. dabCratedwerage

EPMI_TISDWHHBPM|. Shared Actions. crateB unchPositions

EFPMI_TISUFHEFMI.Shared. Actionz. crateBunchPositions
_| .4 1o

BTWI_LS54 41831 #getProfiles

BTYI|_LS54 41835H#getimage

BTWI_L554. 41895H#getProfiles

BTYI|_TI8.812048getimage

BTWI_TI8.812048getProfiles

BTWI_TI18.81306Hgetimage

BTWI_TI8.81306HgetProfiles

BTYI|_TI8.843048getimage

BTWI_TI8.84304HgetProfiles

BTYI|_TI8.844048getimage

BTWI_TI8.E44048g=tPrafiles

BTY|_TI8.846048getimage

BTWI_TI8.846048getProfiles

BTYI|_TI8.87437Hgetimage

BTWI_TI8.E87437HgetProfiles

BTWI_TI8.87604#getimage

BTWI_TI8.87604#getProfiles

BTYI|_TI8.877508getimage

BTWI_TI8.877E0#getProfiles

BTWI_TT40.4001 05#getimage

BTWI_TT40.4001 05#getProfiles

BTWI_TT40.400222#getimage

BTWI_TT40.400222#getProfiles

BTWI_TT40.400343#getimage

BTWI_TT40.400343#getProfiles
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BTYI|_LS54.41631 #igetimage 09_45_47 10048, sdds
BTYI|_LS54.41651 #igetimage 09_49_11 10049, sdds
BT%I|_LS54.41651 #igetimage 09_49_40 10050, sdds
BTYI|_LS54.41551 #igetimage 09_50_09 10051 sdds
BTWI|_LS54.41831 #getimage 09_50_37 10052.sdds
BTYI|_LS54.41531 #igetimage 09_51_06 10053.sdds
BTYI|_LS54.41631 #igetimage 09_51_35 10054.sdds
BTYI|_LS54.41631 #igetimage 09_52_04 10055 sdds
BTYI|_LS54.41631 #igetimage 09_52_33 10056, sdds
BTYI|_LS54.41831 #getimage 09_53_01 10057.sdds
BTYI|_LS54.41631 #igetimage 09_53_30 10058, sdds
BTYI|_LS54.41531 #igetimage 09_53_53 10059, sdds
BTYI|_LS54.41631 #igetimage 09_54_28 10060, sdds
BTYI|_LS54.41651 #igetimage 09_54_57 10051.sdds
BTYI|_LS54.41831 #getimage 09_55_25 10062.sdds
BTYI|_LS54.41631 #igetimage 09_55_54 10063, sdds
BTYI|_LS54.41631 #igetimage 09_56_23 10064.sdds
BTYI|_LS54.41531 #igetimage 09_56_52 10065, sdds
BTYI|_LS54.41631 #igetimage 09_57_21 10066 sdds
BTYI|_LS54.41831 #getimage 09_57_49 10067 sdds
BTYI|_LS54.41631 #igetimage 09_56_18 10068, sdds
BTYI|_LS54.41531 #igetimage 09_56_47 10069, sdds
BTYI|_LS54.41651 #igetimage 09_59_16 10070.sdds
BTYI|_LS54.41631 #igetimage 09_59_44 10071.sdds
BTYI|_LS54.41831 #getimage 10_00_13 10072.sdds
BTYI|_LS54.41631 #igetimage 10_00_42 10073.sdds
BTYI|_LS54.41631 #igetimage 10_01_11 10074.sdds
BTYI|_LS54.41531 #igetimage 10_01_40 10075 sdds
BTYI|_LS54.41631 #igetimage 10_02_08 10076 sdds
BTYI|_LS54.41831 #getimage 10_02_37 10077.sdds
BTYI|_LS54.41531 #igetimage 10_03_06 10078.sdds
BTYI|_LS54.41631 #igetimage 10_03_35 10079.sdds
BTYI|_LS54.41631 #igetimage 10_04_04 10080, sdds
BTYI|_LS54.41631 #igetimage 10_04_32 10051 sdds
BTYI|_LS54.41551 #getimage 10_05_01 10082.sdds
BTYI|_LS54.416531 #igetimage 10_05_30 10083, sdds
BTYI|_LS54.41631 #igetimage 10_05_53 10084.sdds
BTYI|_LS54.41631 #igetimage 10_05_28 10085 sdds
BTYI|_LS54.41631 #igetimage 10_05_56 10086, sdds
BTYI|_LS54.41631 #igetimage 10_07_25 10087.sdds
BTYI|_LS54.41631 #igetimage 10_07_54 10088, sdds
BTYI|_LS54.41631 #igetimage 10_05_23 10089, sdds
BTYI|_LS54.41631 #igetimage 10_05_52 10090, sdds
BTYI|_LS54.41631 #igetimage 10_09_20 10031 sdds
BTYI|_LS54.41531 #igetimage 10_09_49 10092, sdds
BTYI|_LS54.41651 #igetimage 10_10_18 10033.sdds
BTYI|_LS54.41531 #igetimage 10_10_47 10034.sdds

[ BTVI_LS54.41831 #getimage 10_11_16 10095.sdds
[ BTVI_LS54.41831 #getimage 10_11_44 10096, sdds
=] BTVI_LSS54.41831 #getimage 10_12_13 10097, sdds
[ BTVI_LS54.41831 #getimage 10_12_42 10098, sdds
= BTVI_LSS4.41831 #getimage 10_13_11 10099, sdds
[ BTVI_LS54.41831 #getimage 10_13_40 101 00.sdds
[ BTVI_LSS54.41831 #getimage 10_14_08 10101, sdds
[ BTVI_LSS54.41831 #getimage 10_14_37 10102 sdds
[ BTVI_LSS54.41831 #getimage 10_15_06 10103.sdds
= BTYI_LS54.41831 #getimage 10_15_35 10104, sdds
[ BTVI_LSS54.41831 #getimage 10_16_04 10105 sdds
[ BTVI_LS54.41831 #getimage 10_16_32 10106 sdds
[ BTVI_LSS54.41831 #getimage 10_17_01 10107, sdds
[ BTVI_LSS54.41831 #getimage 10_17_30 101 08.sdds
= BTYI_LSS54.41831 #getimage 10_17_59 10109.sdds
[ BTVI_LSS54.41831 #getimage 10_18_28 1011 0.sdds
[ BTVI_LSS54.41831 #getimage 10_18_56 10111.sdds
[ BTVI_LSS54.41831 #getimage 10_19_25 10112 sdds
[ BTVI_LSS54.41831 #getimage 10_19_54 1011 3.sdds
= BTYI_LSS54.41831 #getimage 10_20_23 10114.5dds
[ BTVI_LS54.41831 #getimage 10_20_52 10115.sdds
[ BTVI_LS54.41831 #getimage 10_21_20 10116.sdds
[ BTVI_LSS54.41831 #getimage 10_21_49 10117, sdds
[ BTVI_LSS54.41831 #getimage 10_22_18 10118.sdds
= BTYI_LSS4.41831 #getimage 10_22_47 10119.sdds
[ BTVI_LSS54.41831 #getimage 10_23_16 101 20.sdds
[ BTVI_LSS54.41831 #getimage 10_23_45 10121.sdds
[ BTVI_LS54.41831 #getimage 10_24_13 10122 sdds
[ BTVI_LSS54.41831 #getimage 10_24_42 10123 sdds
= BTYI_LSS4.41831 #getimage 10_25_11 10124.5dds
[ BTVI_LS54.41831 #getimage 10_25_40 10125 sdds
[ BTVI_LSS54.41831 #getimage 10_26_09 101 26 sdds
[ BTVI_LSS54. 41831 #getimage 10_26_37 10127, sdds
[ BTVI_LSS54.41831 #getimage 10_27_06 101 28.sdds
=] BTYI_LSS 4 41531 #getimage 10_27_35 10129, sdds
[ BTVI_LSS54.41831 #getimage 10_28_04 101 30.sdds
[ BTVI_LSS54.41831 #getimage 10_28_33 10131.sdds
[ BTVI_LSS54.41831 #getimage 10_29_01 10132 sdds
[ BTVI_LSS54.41831 #getimage 10_29_30 101 33.sdds
=] BTYI_LSS 4 41531 Hoetimage 10_29_55 10134, sdds
[ BTVI_LSS54.41831 #getimage 10_30_28 101 35.sdds
[ BTVI_LS54.41831 #getimage 10_30_57 101 36.sdds
[ BTVI_LSS54.41831 #getimage 10_31_25 10137, sdds

=
=
=

BTW|_LS54. 41531 igetimage 10_32_23 10139.sdds
BTWI_LS54. 41531 hgetimage 10_32_31 13139.sdds
BTWI_LS54. 41531 hgetimage 10_32_52 107140, sdds




< SDDS Browser

File Options

SDDS root directory:

Parameters
BCTF_TIBDWH/EBCTH. Shared. Actions.acquisi
BCTF_TT40/BCTH.Shared.Actions.acquisition
BLMI_TI8BLMI.ClassGlobalCommactionList.k
BPMI_TI8/BPMI.Shared.Actions.dabCrateAve|
BPMI_TIBDWHN/BPMI.Shared.Actions.crateBur
BPMI_TIBUP/BPMI.Shared.Actions.crateBunc
BTv1_L554.41831/getimage
BTVI_LS54.41831/getProfiles
BTv1_LS554.41895/getimage
BTVI_LS54.41895/getProfiles
BTv1_TI8.81204/getimage

BTv1_TI8.84304/getimage
BTv1_TI8.84304/getProfiles
BTV1_Tig.84404/getimage
BTv1_TI8.84404/getProfiles
BTv1_TI8.84604/getimage
BTv1_TI8.84604/getProfiles
BTV1_TI8.87437/getimage
BTV1_TI8.87437/getProfiles
BTVI_TI8.87604/getimage
BTVI_TI8.87604/yetProfiles
BTVI_TI8.87750/getimage
BTVI_TI8.87750/getProfiles
BTVI_TT40.400105/getimage
BTVI_TT40.400105/getProfiles
BTVI_TT40.400222/getimage
BTVI_TT40.400222/getProfiles
BTV1_TT40.400343/getimage
BTVI_TT40.40034 3/igetProfiles

imeStampNSec
imeStampSec
ideoGain
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With historical
data on the

database,
reasonably easy to
extract and
analyze off-line
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Now we take a closer look:

Ex: Settings generation for the main bend MB

- warm magnets:
1) injection setting from requested beam momentum setting and
calibration curve of Magnet
2) Magnetic history of dipoles handled via specific hysteresis cycles
before injection (called: degaussing...)
3) Online Feedback to actual setting via reference magnet
4) Requested beam momentum refined by measuring extraction
energy of preinjector
5) Magnetic Model (or calibration curve) refined by momentum
measurement in receiving machine
6) Other cycle history handled as trim and rollback utility (i.e. “cold
machine after shutdown”, “warm machine after 1 day of permanent
operation”
- cold magnets:
things are more complicated...next slides
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Available data for LHC magnets

warm measurements on the .
production:
— all (superconducting) MB, MQ,
MQM, MQY:
* main field integral strength

* higher order geometric
harmonics

— all (superconducting) MBX,
MBRx, MQXx

— warm measurement on MQTL
so far at CERN

— most (superconducting) lattice

corrector and spool pieces (about
90% of data available)

— all (warm) MQW
— a sample (5 to 10) of other warm
insertion magnets (MBXW, ...

measured at the manufacturer
before delivery)

CAS 2005 Hermann Schmickler (CERN - AB)

at the present rate,
cold measurements on:

— =20 % of MB and = 20 % of MQ
in standard conditions

— special tests (injection decay and
snap-back, effect of long storage)
on 15...20 MB

— a sample of MQM and MQY
— =75 % of MBX, MBRx
— 100 % of MQXx (Q1, Q2, Q3)

— a limited sample of lattice
correctors and spool pieces

Accelerator Controls



@w example of integral dipole field in an LHC dipole

Integral Transfer Function




The field model

« general decomposition in error sources, with given
functional dependency on
t, I, dI/dt, I(-t) geometric C,_gom
— DC magnetization from persistent currents C_MP¢
—>iron saturation C_saturation
—decay at injection C_ decay
— snap-back at acceleration C_5B
— coil deformation at high field C_d<f
— coupling currents C_MAC

—residual magnetization C_residual smaller values

smaller variability

: .- S smaller uncertaint
 linear composition of contributions: 4

Cieom 4 CHPC 4 Comraion 4 Clecer 4

L
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Use of data

The data will be used to:

1. set injection values
2. generate ramps

3. forecast corrections (in practice only for MB’s or IR
quads)

on a magnet basis

are magnet groups powered 1n series,
1.e. for which an (and,
possibly, ) information 1s

needed. Example: the MB’s V1 line 1n a sector
(154 magnets)

CAS 2005 Hermann Schmickler (CERN - AB) Accelerator Controls
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MB 1njection settings - 1/5

e Determine the current I in the MB to obtain a given
integrated field B dl over the sector (as specified by
LHC control system). Algorithm:

Integral Transfer Function

— retrieve warm transfer function TF,M for each magnet in

the sector
f-¢ and offset 4.-(I) and obtain

the cold transfer function TF-M
TEM(I) = fre TRM + Are(1)

the TF M over the sector
TF.(I) = Y, TEM(D)

— compute the current by inversion of the (non-linear) TF
[=(TF(D)!Bdl



MB Injection settings - 2/5

Tdl (Tm/KA)

« Warm and cold magnetic data 1s stored in
a database containing separate entries for:

10.11 10.12 10.13 10.14

— warm data
— cold data
* injection
« flat-top
— warm/cold offsets
* injection
« flat-top
— components in cold conditions

e geometric

persistent currents

decay and snap-back

saturation
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MB 1njection settings - 3/5

warm/cold correlation based on
production accumulated so far.

computed in July 2004 on
approximately 100 magnets

offsets are stable, standard
deviation acceptable and
comparable with expected
measurement accuracy

£.=1.00 (-)
Age = 5.5(6) (mT m/kA)

£
i
o
o
™
L
=

A= 4.0 units

a= 5.5 units

£ 3

#
. A =-54.2 units

0 5.0 units

x injection

+ nominal
1[] L i |

10.05 10.10 10.15 10.20

TF at warm (T m / kKA)




MB 1njection settings - 4/5

NAME

FUNCTION

Polarity

LQTAC TRT

QTRT

VIFA2D

LQATM.2Z1RT

VIFAZD

LBBRA.34LE

1025

LBBRA21LE

LBARA BRT

LBARA Z2RT

3007

LBARA 34L8

2017

LBARB. Z1L8

LBBRB.8RT

LBBRA Z2RT

1023

LEBRC.34L8

3005

LOATH.20L8

LQTBB.8RT

LBARB.ZZRT

2020

LOQOBF 33L8

VIFAZD

LBERA ZOLE

LBARA SRT

LQOAG 22R7

LBARA.33LE

3021

LBARA.20LE

LBEBRC 8RT

LBBRAZ3RT

3042

LBBRA.33L8

2050

LEBRD.20L8

LQTEC 8R7

VIFAZD

LBARA 23RT

1014

LBARB.33L8

2523

LOATO.15L8

VIFA2D

LBARA10RT

LBBRC .23R7

LBBRB.10RT

LQASE 23RT

LQTBB.10RT

LBARA Z4RT7

LBARA 11RT

LBBRA 24R7

LBBRA11RT

LBARB.Z4RT7

LOQTCH 11RT

VIFAZD

LOOAG 24R7

LBARA 1ZRT

LBBRA Z5RT7

LBBRA.12RT

LBARA Z5RT

LBARB.12RT

LBERC 25R7

LQATH.12R7

LQOAR.Z5RT

LBBRA13RT

LBARA 26RT

LBARA13RT

LBBRAZERT

LBERC.13R7

LBARB.26RT

LOQATM.13RT

VIFAZD

LQOAG.26RT

LBARA14RT

LBBRA ZTRT

LBBRA14RT

LBARAZTRT

LBARB.14RT

LBEBRC 27VR7

LOATH.14R7T

LOQASE ZTRT

LBBRA.15RT

LBARA ZBRT

LBARA1SRT

LBBRAZBRT

LBERC.15R7

LBARB.ZBRT

LOATQ 15RT

VIFAZD

LQOAG.28RT

LBARA16RT

LBBRA Z8RT

LBBRA1ERT

LBARA ZORT

LBARB.16RT

LBERC 28R7

LOATH.1E6RT

LQOBF 29RT

LBBRA1TRT

LBARA JORT

LBARA1TRT

LBBRA J0RT7

LBERC 17R7

LBARB.J0RT7

LOATM.1TRT

VIFA2D

LOOAM S0RT

LBARA 1BRT

LBBRA J1RT

LBBRA1BRT

LBARA J1RT

LBARB.1BRT

LBERC.I1R7

LOATH.18RT

LOQOAV.I1RT

LBBRA.19RT

LBARA J2RT

LBARA 18RT

LBBRA.JZRT

LBERC.18R7

LBARB.32RT

LOATQ 19RT

VIFAZD

LQOAG.32RT

LBARA 20RT

LBBRA J3RT

The magnet installation sequence is

1070

(aTal URiell ]

Nzl 8

WANA2E

I1RARAL 101 &

determined at the Magnet Evaluation Board
(MEB), based on constraints on:

—> geometry

— field quality

— other (quench, non-conformities, ...)

The information is collected in an installation
map, recorded in the Manufacturing and Test

Folder (MTF)

LBBRA ZORT

LBARA I3RT

LBARB Z3L8

LBBRF.9LE

LBARB.20RT

LBERC.33R7

LQOAG.22L8

LONCE.BLE

LOATH.20RT

LQOBJ.33RT

VIFA2D

LBBRA ZZL8

LBARE. BLE

LBBRAZ1RT

LBARA J4RT

LBARA22LE

LEERI|_BLE

LBARAZ1RT

LBBRA J4RT

LEBRD.2ZL8

LONFIL7LE

VIFA2D

LBERC 21R7

LBARB.J4RT

LOATK.21L8

VIFA2D

LQOAM.34RT

LBARA Z1LE

Accelerater-Controls



MB 1njection settings - 5/5

» average transfer function at injection for sector 78 (extrapolated from
109/154 magnets allocated)

« warm/cold extrapolation for 44/109 magnets (65 cold measured)

TF, = 10.117(5) (T m/kA)
TF, = 10.117(1) (T m/kA)

e current in sector 78 for an injection at 450 GeV from SPS
(1189.2 T m)

I[=763.2(5) A
= this corresponds to step 1 in the discussed sequence

The Control system receives and stores this setting and makes
it available for trimming

CAS 2005 Hermann Schmickler (CERN - AB) Accelerator Controls



el

...and now we have to ramp the whole lot

[PHYsIcs| |BEAMDUMP]

4
c
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S
=
o
a8)]
=

RAMP DOWN

ETART RAMP

PREINJECTION
PLATEAU

TO Tinj

PREPARE
PHYSICS

| PHYSICS

Ramp down

~ 18 Mins

-1000

0
Time [s]

Pre-Injection Plateau

15 Mins

Injection

~ 15 Mins

Ramp

~ 28 Mins

Squeeze

<5 Mins

Prepare Physics

~ 10 Mins

Physics

10 - 20 Hrs




Semi-automatic sequencer for LEP

* Reproducibility

* Reduced scope for error
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N N - ~ e ™
INJECTION + INJECT
PRE-INJECTION
e O L emreers | PLATEAU »  INJECT PILOT INTERMEDIATE
BEFORE BEAM s [12 x 1e™]
J J \ J \ J
Power converters * Check time
Collimators : * Measure & correct: development of Q
RF Start correcting orbit, momentum * Fine positioning of
Synchronization b1,b1,b3 drifts * Collimators, TDI collimators, orbit
SPS/Transfer lines * RF,LFB, TFB

s A ' ™\ R
INJECT NOMINAL N . Timing .
1 [12 x 216/288 x 1.1e""] » PREPARE RAMP Event —1 SNAPBACK —
\. J \. J J
* Orbit feedback * Produce prediction of
* Beam loss, beam snapback - incorporate Feedback
lifetime into ramp RT channel
* Qfeedback + Load all power avaliable
* SpotQ converters with ramp
measurements function

* RF etc. etc.




@ The most frightening problem...

- — 1500
Snapback ~70 s - f / i
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Chromaticity

Qtotal — Qmeas = Qnatural + Qlattice—sext + Qb3—dipo|e + Qb3—spoo| + Qb3—other

* The measured chromaticity 1s the sum of:
—Correct natural with lattice sextupoles
—>Would aim to balance Q’-b3-dipole with Q’-b3-spool
—Watch other (e.g. insertion quads — own correctors)
* Signature of improperly compensated b, error 1s
clear:
—0.1 unit b3 —> +3/-3.5 Q’h/Q’v

* We should be able to measure periodically on
injection plateau to verify corrections.
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Correction elements

EER
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Per aperture:
154 MCS sextupole spool pieces -
powered in series. :

77 MCO & MCD spool pieces powered in
series.
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Requirements

@)

 Static errors — controls database
* Eddy currents — controls database

e Transfer functions — controls database
— Note: I, I(t) downloaded to front-ends
to B to I, I(t) done at high level via transfer function look-up

» Hysteresis model

B3 -(0A422*°) [Tm @ 17 mm , Lin kA ]
0.001

Plus dynamic effects...

— DS Hermann Schmickler (CERN - AB) Accelerator Controls



Dynamic eftfects - correction

Need per sector per |
aperture: magnitude of |
errors at t, and time ]

evolution of b (t) during
decay /
| /

IMB (t) : After timet. . a

. inj

] prediction of

] the snapback
is required.

. ) Download.
Control system has “linear” model

of multipole behaviour

Based on this
corrections applied as

Incorporating empirical af_unction_ O_f time
adjustments based on previous during the injection
experience plateau
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@ Snapback — Q’

o Fit Snapback: " o measurement

— gxponential fit
| (t )_ I injection

(units @ 25 mm)

b3snapback (t) _ Ab3e_ Al

i}
on
i
]
K
o

e [(t) — MB current at time t s
* L cction — INjection value of current Sen i
1mjection J 25 - 2020

Ab, and Al are fitting constants

Ab, and Al are correlated

Sextupole compensation during snap-back in collaboration with FNAL — Luca Bottura ¢ols



Q’ - snapback

« Extract sextupole change in dipoles from slow Q’
measurements & b, corrections during injection to

give Ab; and thus Al

 Just before ramping:
—Extract total b, correction
—Invoke fit for snapback prediction
—Convert to currents
—Incorporate into ramp functions & download

* Functions invoked at ramp start by standard
timing event
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..and 1f all this 1s not enough:

real time feedbacks on beam parameters

o Tlme resolved measurements

A /A A

A /A

A /A4 |

HC orbit: minimum 10 Hz Nice Problem for the
r. Instrumentation
I1C betatron tunes: some Hz .

(C chromaticties: Hz

« Data centralization and computation of corrections
(including error handling, dynamic change of
twiss parameters. ..

» Feedback of corrections to power converters

CAS 2005 Hermann Schmickler (CERN - AB) Accelerator Controls



ey Orbit FB Control Layout

Central FB unit has 2 functional parts

« Time-critical controller unit to compute the corrections (hard

real-time). Database settings,
« A Service Unit for DB and user interfaces, matrix operations, operation, users
.

sanity ch eErlw(%.t.otal loop delay is expected to be stable at ~ 60-80 ms

..................................................................................................
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Summary

Accelerator Controls is a vast activity

Controls Hardware mainly based on commercially

available products (COTS)

Controls of beam parameters makes the link
between:

- accelerator physics

- beam observation

- equipment control

...1s fun to work on...
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