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Major Milestones

Yy

B1: First turn in 1h ' ./ _ B2: First turn in 1h30

10/09 First beam 20/11 Restart with beam 28/02 Circulating beam
19/03 beams @ 3.5TeV
30/03 first collisions

l@ 3.5TeV

\ 4 \ 4 VvV

[ 2008 2009 2010...

19/09 Repair & consolidation Beam operation @ 3.5 TeV
per beam

Longest CERN run ever !
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http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394

LHC parameters
. Quamity | number

Circumference 26.659 m
Operating temperature 19K (-271.3 °C)
Number of magnets 9593
Number of main dipoles 1232
Number of main quadrupoles 392
Number of RF cavities 8 per beam
Nominal energy, protons 7 TeV
Nominal energy, ions 2.76 TeV/u
Peak magnetic dipole field 833T
Min. distance between bunches ~Tm
Design Luminosity 1034 cm2s1

Number of bunches per p+ beam 2808

Number of protons per bunch (@ start) 1.1 x 1011

Number of turns per second 11245

Number of collisions per second 600 million
WAO 2010 — LHC Facilities & Utilities — M. Albert




Outline

* Introduction
e | HC Software Architecture
* | HC Sequencer

* LHC Beam Instrumentation &
Applications

°* Summary

WAO 2010 — LHC Facilities & Utilities — M. Albert



LHC Software Architecture

CERN Accelerator Complex

CMS
- ;
.
b o |
/ <

ALICE

* Homogeneous software suite to operate LEIR, SPS and its
transfer lines and the LHC

* Project shared between controls and operations
* Entirely written in Java
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LSA

®* 2001 : development started in
motivation: replacement of old SPS control system

* 2005 : included LEIR
® 2006 : successfully introduced @ SPS

( after 18 months of shutdown !)

2008 : LHC start - up
* Ongoing: adaptation to PS
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LSA covers

Optics

= Information about all devices

= Machine layout

= Twiss parameters
Settings generation

= Generation of initial settings based on optics
Settings management & trim

= Management of values for all parameters

= Coherent modifications

= History of changes and rollback

= Incorporation of LHC actual settings (scalar settings) into ramp functions
Hardware exploitation

= Equipment control

= Sending settings to the hardware

Services to handle LHC timing events

= Creation, modification
= Loading to and unloading from the Timing System

Equipment & beam measurements
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ParticleTransfer

SPSRING

: Parameter selection - SPSRING

N-ACC270-L18000_V1
N-L18000_V1
HC-FT500_PDOT_V1
HC-LS546-FT500_L432000ab_V1

Beam Process

FT_LONG_PDOT (0.->15600)
CNGS_PDOT (15600->21600)
CNGS_PDOT (21600->27600)

GENERATION

MOMENTUM
OCTUPOLES
RF-Hadron200

Select All

System
EEXTR OCTUPOLES

ILATTICE MEASUREMENT

@ LHe | |« |8

.{é‘_

Choose the accelerator
ILHE
PS

PSE
SCT

o a T

_) Correction

Trim History

Time base

& SuperCycle

) Cycle/B

Supercycles

CTSTART_PreCyc_sm18-precycli
""" CTSTART_SM18-INJECTION.BPO_|
CISTART SH18.IMNIECTION RPN

ParticleTransfer

Parameter selection - LHCRING

ILHCRING

_ System _ PHysICS : MOMENTUM |

S
LHCh/Comp | LHCBEAM/MOMENTUM
MATCHING QUADRUPOLE |
MATCHING SECTION DIPOLE
MOMENTUM
NO SYSTEM
OCTUPOLE

ORBIT-H

Show archived

Setting part :

@ Value

ICBEA

Select All

b

 Target

MOMEN

. Correction

History Time base: @ SuperCycle ) Cycle/BeamProcess
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Equi meﬁjt state
' —COmtF}:=

Trim - coherent
modifications of "
_settings

~40 GUI applications
depending on LSA
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The LHC Sequencer

Application to drive the LHC through its duty cycle

PHYSICS BEAM DUMP
1 1

* S—

SQUEEZE
PREPARE
PHYSICS
RAMP DOWN

6
START RAMP PHYSICS
PREINJECTION
PLATEAU

5

4

-
c
o
S
S
S
o

m

=

3
|
To_ Ty
—
1000 o 1000

s
Prepare Physics
10 - 20 Hrs
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LHC Sequencer - Architecture Editor GUI

Ty =

Execution GUI

Sequencer Core _
(Java)

DB (Oracle)

Sequences

WAO 2010 — LHC Facilities & Utilities — M. Albert 13



B LHC SEQUENCER ¥ 0.3.38

[3] * RBA:Ihcop

Execution window

1 Info Panel

Quick launch panel provides easy access
to commonly used sequences and tasks

Quick Launch Panel

[ BEAM SEQUENCES | LHCUTILS |  COLLIMATOR SEQUENCES | EXPERIMENTS SEQUENCES | ACCESS SEQUENCES |

LBDS SEQUENCES:

REFRESH SEQUENCES | B1: ARM LBDS B2: ARM LEDS

LHC MODE
Accelerator Mode -Beam Mode BIC SEQUENCES:

SHUTDCAAR MO BEAM |

AVAILABLE SEQUENCES

" MHKISS SEQUENCES:
ALL [ PH (DR [ ET [DV | M

3 PHYSICS
[y ALL RF TASKS
[ ARM LHC BIC PREPARE SECTOR FOR POWERING SEQUENCES:
[ B1 PROGRAMMED DUMP PREPARE $12 PREPARE $23 PREPARE S34
[y B1: ARM LEDS
[ B1: CIRCULATE AND DUMP SH
[ B1: INJEGT AND DUMP SEQUE PREPARE S78 PREPARE S81 || PREPARE ALL SECTORS
[ B1: MKI SOFT START (MKISS)
[} B1B2 PROGRAMMED DUMP PRE-CYCLE SEQUENCES:
() B2 PROGRAMMED DUNMP PRECYCLE $12 PRECYCLE $23 PRECYCLE S34
[y B2: ARM LEDS
[} B2: CIRCULATE AND DUMP SH
D B2 INJECT AMD DIUMP SEGIUER PRECYCLE S78 PRECYCLE S81 PRECYCLE ALL SECTORS
[ B2: MKI SOFT START (MKISS)

hlo— PRTRTTI-A 1=

| B1: MKISS B2: MKISS

PREPARE S45 PREPARE S56 PREPARE S67

PRECYCLE S45 PRECYCLE S56 PRECYCLE S67

BEAM SEQUENCES:
Filter sequences by category: | B1: INJECT AND DUMP B2: INJECT AND DUMP

AN ) Development
(® Physics ) Dry Run |
' Equipment test _ MD |

B1: CIRCULATE AND DUMP B2: CIRCULATE AND DUMP

LHC NOMINAL CYCLE

Sequences for physics rUns

RF SEQUENCES:

Status: |
. ok [UERROR

EXECUTING | SUSPENDED | |

SKIPPED |

PREPARE RF FOR INJECTION || PREPARE RF FOR RAMP |

PREPARE RF FOR PRECYCLE || PREPARE RF FOR TECH STOP/SHUTDOWN |

!




3] ¥ RBA: Ihcop

[ Execution window |

| ] Info Panel o o 7 ] LHC NOMINAL SEQUENCE 1 & B2)

| SEQUENCE CONTROL PANEL

Sequence Information Play Sequence
[ Name | Description | Category| Created_by|

[LHC NOMINAL SEQUENC...VLHC MNominal sequenc... VPHYSICS |LASSE, RAJ

| SUB_SEQUENCE CONTROL PANEL

: Sub_sequence Information Play Sub_sequence
’ REFRESH SEQUENCES ‘ Status displayhame 1 Description Categary |

LHC MODE |PRE-CYCLE ;PI'ETE'yE|E of the magnets PHYSICS

Atcalevator Modé -8aam: Moda | SUSPENDED _|PRE-INJECTION PLATEALU |Pre-injection plateau )

SHUTDOWN NO BEAM 1 - INIECTION RLATEAL=NO/BE:.  |Injectionplateau’~noily

|INJECTION PROBE BEAM [Injection probe beam

AVAILABLE SEQUENCES END OF INJECTION End of injection

INoCOARC COAR CTADLC NCAMME  INRCOARE CAR CT A0LC OCakic

(ALL ['PH [ DR [ ET ['DV ['A =
[ All Sequences: | 'LHC NOMINAL SEQUENCE (81 & B2) | ON ERROR |
[ B1: LHC NOMINAL SEQUENCE COMPONENTS CONTROL PANEL

[ B1: MKISS STARTUP )

2 | Component Information
[ B2: LHC NOMINAL SEQUENCE - : i i ,‘ , i o
[ B2: MKISS STARTUP __Olags .

[y CHECK ADT AND RF STATUS \ T, [INFO: PREPARE KICKER Ato MIC Or macro taS S
[ COLLIMATOR DRY RUN (&) | [T] CHECK CONDITIONING VALID FOR B1 R —

[} CONNECT SPS TO LHC RF , b u A . | | sl
[ MKQB1B2 CONTINOUSLY KICH @y | |T| [CHECK CONDITIONING VALID FOR B2

Name

[) NEW RF FREQUENCY RAMP TE B1: CHECK-SET MKI ON STANDBY
[y PREPARE ACCESS - : i
[} PREPARE LHC FOR POWERING B2: CHECK-SET MKI ON STANDBY

[ PREPARE RF FOR FILLING (&) | [T [CHECK-LOAD INJECTION TABLE
[ SWITCH ON RF LOW LEVEL AN_| =

D\ cwnren or Ta cTannn , | & CHECK-LOAD INJECTION_BI TABLE
{4 { [ »] | e ]

.2 1

L) La ol MO DA _COLL TO DANDY

Filter sequences by category: =

3 5 Play Component
. All ) Development
i) Physics ) Dry Run

) Equipment te... ) MD

All operational sequences
Status:
ok | [UERRORITY
EXECUTING | SUSPENDED |
__ SKIPPED |

LHC Nominal sequence
WAO 2010 — LHC Facilities & Utilities — M. Albert
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LHC BTV System

= 18 BTV in LHC transfer lines SPS - LHC Each BTV has 2 screens:
= 13 BTVin LHC ring 1mm Al,0,:Cr (scintillator)

= 6 BTV in LHC dump lines 12 ym Ti foil (OTR)
Both video link and digitised data acquired on first shot !

BTVs for Injection of beam 1

First full turn
as seen by the
BTV
10/9/2008

Uncaptured
| beam sweeps
| through he
dump line

First Beam in the LHC 8/8/2008

WAO 2010 — LHC Facilities & Utilities — M. Albert 17



LHC BTV System

Used to check steerlng and optlcs in transfer lines

Mean = 0.87 [m ]
200 Sigma = 049 (m
Am || ude 11?(94'[a.u]

Injection of B2
OTR image of beam in TI8 (B2) =]

Verification of beam alignment
In injection channels

WAO 2010 — LHC Facilities & Utilities — M. Albert 18



LHC BTV System — beam dump

File Tools Help

% P @ < [ © Mar 24 04:05:10 LHC - LHC, 00 LHC- 01 |[@|~ RBA:Ihcop |7 5 | &3 |7 | @
Selection -TD68.BTYDD.689339.B1/Image

Dexlce: SR | 1w (. of 1 acquisitions) Cycle: LHC.USER.LHC SC Nb: 2 Date: 2010/03/24 03:23:34.600000 |

rimage -Horizontal projection
Palette: |Rainbow Extended | v | Auto Range: Mean = -212.58 [mm]
| $i

. 0 [mm]
[TD68.BTVD.68 3

[TD68.BTVDD.689:
4| Ii
rStatus-
Device:
Status:
Mode:

Amplitude [a.u.]

Control:
rSetting
[ Basic dy ncgq” Ij:\_-'prgn |

-200-150-100-50 0 50 100 150

Acquisition T One extraction
9 L X [mm)]

Acquisition Number: 11 Yertical projection

Y [mm)]

Camera Switch: ON | 350 Thean = 9967 (mm]

Sigma = 7.00 [mm]
Screen: | ;
Filter: |out
Video Gain: x1

Lamp Switch:

First Lamp:

Amplitude [a.u.]

Second Lamp:

Motor Enable: enable

Hardware Reading: 4 0 50 100 150

S | Programmed dump of 10 bunches (B1) @ 2TeV g

FirstLamp: 0O
Acquisition Number: 1 Mire: OFF Filter Out Second Lamp: 0

D Acquire » Start Monitoring 3 = Save | Continuous Saving ‘r—

WAO 2010 — LHC Facilities & Utilities — M. Albert 19



LHC BCT - System

BT Ring 2 Updatedk 023628 2 DC — BCT SyStemS per rlng

* few 10° to 5x10%4 protons
(~3mA to ~900mA)

* Published @ 1Hz for

general applications
First circulating beam in ring 2, 12/09/2008

= LHC Fast BCT V0.1-2007

2 Fast — BCT systems per ring e e |

°* Bunch to bunch on turn by
turn basis

* Total beam intensity
— Total beam lifetime

— Beam presence flag
Bunch intensity of captured B2, 10/09/2008

WAO 2010 — LHC Facilities & Utilities — M. Albert 20



LHC Fast BCT - Lifetime

I(total) B1:

Average lifetime B1:

5.08e+09 I(total) B2: 3.64e+09
100.00 h Average lifetime B2: 100.00 h

LHC-FBCT A Lifetime

24-03-2010

05:03:04

Average Lifetime / h

Ramp of both beams to 3.5TeV

T
04:10

LHC-FBCT History Lifetime

ifetime in h

History Lifetime / h

T
-3ES
Time / ms
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LHC BPM - System

1054 beam position monitors, measure in both H and V plane

1. Asynchronous bunch by bunch mode

* Beam threading and first few hundred turns

* Worked first time on both beams for injection tests & on 10t Sep 2008
2. Asynchronous orbit mode

* Provided filtered data for 1Hz orbit update to YASP & FB controller
* Worked as soon as beam was circulating for more than a few seconds

First full turn - Beam 1 First full turn - Beam 2



YASP - LHC Trajectory & Orbit
Steering

One of the most powerful software tools of the LHC
control system. It is used to control :

Trajectory Closed Orbit
FIFO: self triggered mode for 1Hz: one orbit
threading or trajectory (averaged over 224 turnS/2O mS)
measurements of empty ring Average - 1s: all orbits acquired during
(single bunch) onhe second are averaged.

Data is returned at 1 Hz.

CAPTURE: triggered mode where the Average - 10s: all orbits acquired

bunches/buckets must be during 10 s are averaged.
configured Data is returned at 0.1 Hz

WAO 2010 — LHC Facilities & Utilities — M. Albert 23



YASP — B2 around the ring

5. Beamto IR3

1. Beamto TDI
2. Beam to IR7
3. Beamto IR6
4

Beam to CMS

=] YASP DV LHCRING / INJ-TEST-NB / beam 2 EE
B views | || |m | === GE| O |HE| More | pA|&
FT - P450.12 GeV/c - Fill # 830 INJPROT - 10/09/08 14-43-04 B
10
Mean = -0.275 / RMS = 1.699 / Dp = -0.20
i
E |yt by
=
z o wij
I
—5
i ATLAS aucH RF-B2 DUMP-B2 INI-B2
0 100 200 300 400 500

Monitor H

FT - P450.12 GeY,/c - Fill # 830 INJPROT - 10/09/08 14-43-04

10
Mean = -0.404 / RMS = 2.287 f Dp = -0.20
=
=
E
Q
B
>
]
. ATLAS aucH IN]-B2
Gl T T T T T
0 100 200 200 400 500

Monitor V




YASP — B2 around the ring

5. Beamto IR3

1. Beamto TDI
2. Beam to IR7
3. Beamto IR6
4

Beam to CMS

6. Beam to ALICE

=] YASP DV LHCRING / INJ-TEST-NB / beam 2 | -]
B views | || |m | === GE| O |E| More | o4&
FT - P4530.12 Ge¥/c - Fill # 830 INJPROT - 10/09/08 14-49-22 £ B3

10

Mean = -0.331 / RM5 = 1.760 / Dp = -0.31

i I
=
=
Gt Jw e ey eyt
-5
=

545

i ATLAS aucH RF-B2 DUMP-B2 INI-B2

0 100 200 200 400 500

Monitor H

FT - P450.12 Ge¥/c - Fill # 830 INJPROT - 10/09/08 14-49-22 ::

10
Mean = -0.481 / RMS = 2,182 / Dp = -0.31
= 8
=
E
[=]
-9
>
]
. ATLAS ALICH IN-B2
o T T T T T
4] 100 200 200 400 0]

Monitor V




YASP — B2 around the ring

1. Beamto TDI 5. Beamto IR3

Beam to IR7 6. Beam to ALICE

2
5. Beamto IR6 7. Beamto ATLAS
4. Beam to CMS 8. Beam to LHCb - First Turn !

= YASP DV LHCRING / INJ-TEST-NB / beam 2 | -]

B views | R |m | === & O |HE| More | b4|&

FT - P 4530.12 GeV/c - Fill # 830 INJPROT - 10/09/08 15-01-58 S B
10

-(.336 / RM5 = 2.868 /|{Dp = -0.37

gy I
E
=
g 0 / -n"~1|‘|J v‘mrﬁr‘h‘.“'rr‘-l
[~
25
Ld
10 ATLAS| .'\U(a RF-B2| CMS| DUMP-B2| IN]-B2
I T T T T T
o 100 200 300 400 500

Monitor H

FT - P450.12 GeY,/c - Fill # 830 INJPROT - 10/09/08 15-01-58
10

-6.272 / RMS = 2.502 / Dp = -0.37

La

E
E
w 0 u
o
-5
-
-5
o DUMP-B2 IN)-B2
T T T T T T
0 100 200 300 400 500

Monitor V




LHC BLM - System

Threefold purpose:
* Protect LHC equipment against damage
* Avoid beam induced magnet quenches

* Loss observation for machine parameter tuning
(collimator set-up, aperture studies, etc.)

4000 beam loss monitors
(lonization chamber, SEM)
mostly around quadrupoles
12 different integration times
(40us — 83s)
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LHC BLM — Online Display

LHC BLM Fixed Display
Eile Tools

M

Sectors Filter | Octant Filter
Filter (3545 / 3879)

Beam loss monitor readings (Gray/s) along the ring (integration time : 1.3 s)
Updating @ 1Hz

Losses units: Gray/s, % or normalized

Linear or logarithmic scale
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LHC BLM — Capture Display

[ BLM/BLMLHC

\ 1 Unit: |Gray [ s w| Scale: [Log |+ Integr

| Sectors Filter Octant Filter | Dump Filter List Filter | Regex Filter
| Filter 3545 / 3879
Logatio

¢ Integrated loss signals (40 ps)

13.03.2010 21:09:13

BLM capture data

* Triggered by timing event
* [Integration time: 40pus, 1.3s
* Loss readings of
* all selected monitors
* Single monitor vs. time

Use DCUM
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LHC - Q, Q’ & Coupling

3 independent acquisition chains per beam relying
oh base-band-tune (BBQ) method

* Passive beam spectra observation (no excitation)
— data logging for post mortem analysis
— fixed displays in CR

* “On demand” acquisition with excitation by:
* tune kickers (MKQA)

* fast frequency sweeps (‘chirp’ signals) via the
transverse damper

°* PLL tune operation, using the transverse damper
as excitation source
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LHC — Q, Q’, Coupling Viewer

File Edit Run Timing Configur

(“Info | FFT | DataSets | @ | FB/Tr (.pl\MgvHIIE ACQ# 0

LHC - No comim - LHC_FFT1_B1 - 2010-03-24 05

= FPGA [:

LHC - B1 - Fill#992.0

2010-03-24 05:13:27
RAWRFFT: 8192 turns@2.0Hz
no excitation

Q1= .280109 Qx= .280386 . ey f
Q2= .310170 Qy= .309893 ‘ * Acquisition of all 3 Q-chains
|C-|= .005746 E= 1855.4 GeV 26 027 02 029 03 03 03 03 ek .
Qx= 277 TSI - s&=l ° Integrated Q, Q' trim facility

Qy= 2?7 LHC - B1 - fill #992 - no comment - LHC_FFT1_B1 - 2010-03-24 05 usi ng LSA Se rViceS

orizonal amplitude [dB]

0 005 01 015 02 025 03 035 04 045 05
B1 frequency [frev] |

* Q' measurement

vertical amplitude [dB]

* FB control
* Various data displays
026 027 028 029 03 031 032 033 034 ° LOtS Of expert OptionS...

frequency [frev]

:05.13:26 - =2»= getActiveBeamProcess( - refresh LSA cache

One of the work-horse applications !
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L HC — Feedbacks

"
@
8
E
=
E
=
5
B

Q - feedback is now
routinely in use
during ramps

(not yet with PLL)
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Summary

* Very powerful software tools paired with state of the
art beam instrumentation were one of the main
ingredients for the efficient and fast progress during
beam commissioning.

* Meticulous testing of application software and
instrumentation before first beam payed off for beam
commissioning.

* Involvement of operations in the development of
control room software tools is highly beneficial.
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Thank you !

Questions ?



