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Beam Interlock System Function

i

i Dumping system or
i Extraction Kicker or
i Beam Stopper or

]

I  Beam source....

2 Beam Permit
Signals
> Target
A
I system
v
S

2 (User Permit = “TRUE” ) => Beam Operation is allowed

IF one User Permit = “FALSE” => Beam Operation is stopped
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BIS = Core of LHC Machine Protection

Control System

Interlock conditions E
24 Discharge Circuitsé— :

~ 20000 Quench Protection System<—> ' Radio Frequency System-> |

~ 1800 : Power Converters<—y | POWering | = gqsential Controllers— |:

~ 3500 . ) Interlock . - .

. Cryogenics—> Controllers | —= Auxiliary Controllers—:> .

~ few 100 :  General Emergency Stop<—> Warm Magnets—> |

~ few 100 Uninterruptible Supplies¢<— ' Beam Television—>|:

: . Control Room—>|:

Powering Protection . N Beam Protection
Collimation System—>|.
Expenments—:% * Beam
Vacuum System—> [lInterlock |<—Beam Interlock System —>| Beam
-_|: System Dumping
Access System—> |; Access System—> | gystem
Beam Position Monitor-> |
Beam Lifetime Monitor—>|: imi
eam Lifetime Moni or—:> . — Post Mortemn—> 'Sl'lmlng
Fast Magnet Current Changes—=>|: ystem

In total, several 10.000 ~ few 1000 Beam Loss Monitors (Aperture)-=>|:

interlock channels than ~ few 1000 —> Beam Loss Monitors (Arc)>|:

can triggera beam dump! Software Interlock System—=>|:

Injection Systems<> |

&

Safe Machine Parameters

“only” ~ 200 links

Courtesy of B.TODD
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BIS Overview

O Remote User Interfaces safely transmit Permit signals
from connected systems to Controller / -

Controller acts as a concentrator .

GUI
Application

collecting User Systems Permits

generating local Beam Permit

o O 0 O

Controllers could be daisy chained (Tree architecture)
or could share Beam Permit Loops (Ring architecture)

User

Permit —

User System #1 ™™ local Beam Permit

| Front End Software Application | Cupper

e links
. —
_—

copper cables

—

Optical

or
: fiber optics links ﬂOUtPUtS
| A——
User System #14 ..., #14 Bg?)r:l]tll'gil:?erl!OCk
User Interfaces (VME chassis)

(installed in User’ s rack)
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LHC Beam Permit Loops

17 Beam Interlock Controllers per beam
(2 per Insertion Region (IR) + 1 near Control Room)

4 fibre-optic channels: Beam-1
1 clockwise & 1 anticlockwise Permit i
Loops [EORETE (|
for each beam Clockwise
and Anti- %/ Beam
- Dump

Clockwise

Square wave generated at IR6:
Signal can be cut and monitored by

IR3 IR7
Momentum Betatron
any Controller Cleaning Cleaning

— — — — — —

IAAH |
Beam-2 &&==

When any of the four signals are Eoimit /\ \ %,

— — — — o —
.,

IR2 IR8
ALICE LHC-B

Loops

absent at IR6, BEAM DUMP! Clockwise
and Anti-
Clockwise

Beam-1 / Beam-2 loops are independent
but they can be linked (or unlinked)

from SPS |\ I. from SPS

Courtesy of B.TODD
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Beam Interlock Systems currently in Operation

50 Controllers in total

~ 370 connected systems

LHC ring CMS

(2 x 17 controllers ) g * «

LHC |njecti0n """"""" A s North Area

-

regions LHC S LHC-b
(4c.)

110 SPS
T2 /\ ATLAS
West Area -—@ =
o \ Towards
o TT60 Gran Sasso
T2
BOOSTER ISOLDE East Area

LINACA S
‘/n_TOF LINAC 2 7 .X PS
A ( j B CTF3

: O
= K admmmmmmm~y
SPS ring e
. * A ;
since 2006 A e ’
( ) LINAC 3 AD  Antiproton Decelerator
. PS Proton Synchrotron n-TOF Neutron Time Of Flight
» protons antiprotons SPS  Super Proton Synchrotron CNGS CERN Neutrinos Gran Sasso
- ions p electrons LHC Large Hadron Collider CTF3 CLIC TestFacility 3

neutrons » heutrinos
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2013: BIS deployment to new Linac4 (and to Booster)

in using same Hw
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= ramping of = &
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Extractlon
Kicker
“RF Sourcef “Choppers”
BIC BIC i “Ejection” i
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BIC

Bending
magnets
ACQ.
Timing
t Telegrams
Linac4 —
systems | | Transfer [LBE/LBq PSB Inj. .
Line systems systems PSB rings
systems systems
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BIS Performance )

Fail Safe concept:
Must go to fail safe state whatever the failure

Safe: (Safety Integrity Level 3 was used as a guideline).
Must react with a probability of unsafe failure of less than 107 per hour and,

Beam abort less than 1% of missions due to internal failure
(2 to 4 failures per year).

Reliable: (whole design studied using Military and Failure Modes Handbooks)

Results from the LHC analysis are:
P (false beam dump) per hour = 9.1 x 104
P (missed beam dump) per hour = 3.3 x 10-°

Available:

Uninterruptable Powering (UPS)
Redundant Power Supply for Controller (i.e. VME crate)
Redundant Power Supply for Remote User Interface
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BIS Performance o)

Critical process in Hardware:

4 functionality into 2 redundant matrices
¢ VHDL code written by different engineers following same specification.

Critical / Non-Critical separation:
¢ Critical functionality always separated from non-critical.
¢ Monitoring elements fully independent of the two redundant safety channels.

CPLD chip | - _
(Matrix A) 2P| | FPGAchip

(Monitoring part)

CPLD chip mets

Used CPLD: 288 macro-cells & 6’400 equivalent gates

Used FPGA: 30'000 macro-cells & 1 million gates + all the built in RAM ,etc.

Manager board

CPLD: Complex Programmable Logic Device FPGA: Field Programmable Gate Array
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BIS Performance )

100% Online Test Coverage: Can be easily tested from end-to-end in a
safe manner => recovered “good as new”

Beam Interlock System components

User Interface Beam Interlock
— —Controlter

; % USER_PERMIT

" USER
) USER_PERMIT

C
" SYSTEM
\\M

LOCAL_BEAM_PERMIT_A

LOCAL_BEAM_PERMIT_B

w v

Fast: ~20uS reaction time from User Permit change detection
to the corresponding Local Beam Permit change

Modular: ( “Tree” or "Ring” topology ) & ( daisy chain of BIC to BIC possible)




Control Room GUIs

- [Ofx]

BIS Supervision Application

' RBA: puccio SYSTEM EXPERT

IS BIS Supervision Application

.' RBA: puccio SYSTEM EXPERT

IS[=] B3

Configuration Version: 1.4

LHC Beam Interlock System

Configuration Version: 1.4

Time: Sat Mar 19 16:28:57 CET 2011
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Time: SatMar 19 16:27:02 CET 2011

Injection Permits
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BIS Operation Overview

a U
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History Buffer

"History Buffer | Memary Map |

Bruno PUCCIO

TPy e e e B B A 1 2O T2 " " I BAG T TAOAR " " " " USER PERMIT . CR T(MIE ST AL FRAT" B T2
2012-06-06 16:02:06.140231
2012-06-06 16:02:06.140231
2012-06-06 16:02:06.140229
2012-06-06 16:02:06.140228
2012-06-06 16:02:06.135737
2012-06-06 16:02:06.135737

= n OO 608 TR HRI0A.1OSFO6 = = » = 1B P, IO = = = = = » " WEERPERMI T Ctr OfWISEYMOT rerrerteyf F o>

2012-06-06 16:02:06.135736 CIB.BAG. TTE0A USER PERMIT: Ch 9(MSEMST currents): AF -> T

2012-06-06 16:02:06.135734 CIB.BAG. TTE0A USER PERMIT: Ch 8(TT60 Converters currents): BF -> T
=] 2012-06-06 16:02:06.135734 CIB.BAG. TTE0A USER PERMIT: Ch 8(TT60 Converters currents): AF -> T
21 012-06-06 16:02:06.135703 CIB.BAG. TTEOA USER PERMIT: Ch 10(MBB current): BF -> T

2012-06-06 16:02:06.135703

(== -06-06 16:02:05.825663
=l 2012\06-06 16:02:05.825663
== -06 16:02:05.800256
(== 2012-063Q6 16:02:05.800256
(== 16:02:05.238001
=d= 2012-06-06 'Y6:02:05.238001
== O1:

LOCAL PERMIT: BT -> F
LOCAL PERMIT: AT ->F
USER PERMIT: Ch 10{MBB current): A T -> F
USER PERMIT: Ch 10{MBB current): B T -> F
LOCAL PERMIT: BF -> T
LOCAL PERMIT: AF -> T

CIB.BAG. TTE0A
CIB.BAG. TTE0A
CIB.BAG. TTE0A
CIB.BAG. TTE0A
CIB.BAG. TTE0A
CIB.BAG. TTE0A

USER PERMIT :
USER PERMIT :
USER PERMIT

CIB.BAG. TTE0A
CIB.BAG. TTE0A
CIB.BAG. TTE0A
CIB.BAG. TTEOA
CIB.BAG. TTE0A
CIB.BAG. TTE0A
CIB.BAG. TTE0A
CIB.BAG. TTEOA

Ch 10(VBB current): AF -> T

Ch 14(FMCM_MST6177M): BF -> T
Ch 14(FMCM_MST6177M): AF -> T
USER PERMIT: Ch 13{(FMCM_MSE6183M): BF -> T
USER PERMIT: Ch 13(FMCM_MSE6183M): A F -> T
SAFE BEAMFLAG:BF->T

SAFE BEAM FLAG: AF ->T

SAFE BEAMFLAG: AT ->F

2012-06-06 16:02:06.15228

2012-06-06 16:02:06.15228

2012-06-06 16:02:06.152278
2012-06-06 16:02:06,152278
2012-06-06 16:02:06.151002
2012-06-06 16:02:06,147731
2012-06-06 16:02:06,147731

PERMIT ‘ TIMESTAMP DEVICE DESCRIPTION ‘
=] 2012-06-06 16:02:06.152292 CIB.BAG. TTEOA USER PERMIT: Ch 8(TT60 Converters currents): B T ->F
(=)= 2012-06-06 16:02:06.152291 CIB.BAG. TTEOA USER PERMIT: Ch 8(TT60 Converters currents): A T ->F
FE 2012-06-06 16:02:06.15228 CIB.BAG. TTEOA LOCAL PERMIT:B T ->F
FE 2012-06-06 16:02:06.15228 CIB.BAB. TTEOA LOCAL PERMIT: AT ->F
FRE 2012-06-06 16:02:06.152278 CIB.BAG. TTE0A USER PERMIT: Ch 9{MSE/MST currents): B T ->F
(=] 2012-06-06 16:02:06.152278 CIB.BAG. TTEOA USER PERMIT: Ch 9{MSE/MST currents): A T -> F
(=] 2012-06-06 16:02:06.151002 CIB.BAG. TTEOA MARKER: 2 us
[a)se] 2012-06-06 16:02:06.147781 CIB.BAB. TTEOA LOCAL PERMIT:BF -> T
=] 2012-06-06 16:02:06.147781 CIB.BAG. TTE0A LOCAL PERMIT: AF -> T
(=)= 2012-06-06 16:02:06.14778 CIB.BAG. TTEOA USER PERMIT: Ch 10{MBB current): BF -> T
M 2012-06-06 16:02:06.14778 CIB.BAG. TTEOA USER PERMIT: Ch 10{MBB current): & F -> T
[s=)s] 2012-06-06 16:02:06.14773 CIB.BAG. TTEOA USER PERMIT: Ch 9(MSEMST currents): BF -> T
] 2012-06-06 16:02:06.14773 CIB.BAG. TTE0A USER PERMIT: Ch 9{(MSE/MST currents): AF -> T
(=)= 2012-06-06 16:02:06.147724 CIB.BAG. TTEOA USER PERMIT: Ch 8(TT60 Converters currents): BF -> T
FE 2012-06-06 16:02:06.147724 CIB.BAG. TTEOA USER PERMIT: Ch 8(TT60 Converters currents): A F -> T
=) 2012-06-06 16:02:06.140292 CIB.BAB. TTEOA USER PERMIT: Ch 8(TT60 Converters currents): B T -> F
] 2012-06-06 16:02:06.140291 CIB.BAG. TTE0A USER PERMIT: Ch 8(TT60 Converters currents): A T ->F
(=)= 2012-06-06 16:02:06.140278 CIB.BAG. TTEOA USER PERMIT: Ch 9{MSE/MST currents): B T ->F

Equipment

systems
-

Technical network

User Interfaces

CIB.BAG. TTEOA
CIB.BAG. TTEOA
CIB.BAG. TTEOA
CIB.BAG. TTEOA
CIB.BAG. TTEOA
CIB.BAG. TTEOA
CIB.BAG. TTEOA

! Beam Interlock

Local
Beam Permit Controller

LOCAL PERMIT: B T ->F
LOCAL PERMIT: AT ->F

USER PERMIT: Ch 9{MSE/MST currents): B T ->=F
USER PERMIT: Ch 9(MSE/MST currents): A T ->=F
MARKER: 2 us

LOCAL PERMIT: BF ->T

LOCAL PERMIT: AF ->=T




Timing views extracted from history buffer

-

| ) CIB.BAG.TT60A =0 EcH =)
CIB.BAB.TTE0A User LHC3 @ 1710311 15:24:05:665
Bic Data
14
12
S 104 1 1
3 —n M
5 6 I il
£
Z
3 67
g
= =
o |£) CIB.BAG.TTE0A / input 3 - PC FEI MSE/MST/LSSE Bumpers =N =R =
27 User LHC2 @ 170311 15:26:02:051
@ | It Bic Data
15?:60 1 5?'30 1 58100 1 58120 T T \i i
Time [ms] 1.4 s . _Legend =
— CIB.BAS.TTB0A /input 9 - PC FEI MSE/MST/LSSE Bumpers
Freeze [ |PM Freeze Autoscale 12-
g 17
=
(=]
@ 087
g
'S 067
o
-
0.4
0.2
0 L
I I 1 1 1
15600 15700 15800 15900 16000
Time [ms]

Freeze | |PM Freeze Autoscale

Stats [ms]: n=11 - mean = 12944 .30 - rms = 4662 .94 - mindmax = 5329.73 f15799.82
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External signal(s) logged in history buffer

Equipment systems Beam Interlock Timing Receiver card
Controller

User Interfaces

L
F
l

Local

Beam Permit External signals can be connected to

BIC Front-panel
=] 2012-06-06 16:02:06.15228 CIB.BAG. TTEOA LOCAL PERMIT: B T ->F
K 2012-06-06 16:02:06.15228 CIB.BAG. TTEOA LOCAL PERMIT: A T ->F
A 2012-06-06 16:02:06.152278 CIB.BAG. TTEOA USER PERMIT: Ch 9(MSEMST currents): B T -> F
=)= 2012-06-06 16:02:06.152278 CIB.BAG. TTE0A USER PERMIT: Ch 9(MSEMST currents): & T ->F

BEE 2012-06-06 16:02:06.151002 CIB.BAG. TTEOA MARKER s SPS Extraction event

un 2012-06-06 16:02:06.147781 CIB.BAG. TTE0A LOCAL PERMIT: B F > T
=] 2012-06-06 16:02:06.147781 CIB.BAG. TTEOA LOCAL PERMIT: AF -> T

extracted from the SPS Extraction BIC’s history buffer
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Timing example with Linac4 Pre-chopper

S - Source Beam 80mA
4 1
e 1 Beam into RFQ 70mA

U4 n

/l Il :l|

RF pulse yy 1 1

/ 'l 1]

/ ! 11

V4 1 11\

/ 1 11\

/I ! : :

Pre-Chopper 10kV K4 / L

4 1 I' [ 1 | VL >
! I I ! | |
-200 -100 /I\ 100 200 300 400 500
- )
“Stop PCHOP”! event “Start PCHOP”: event

Beam Permit |

Case#1: I

Beam Permit = TRUE —L

Case#2: I |
TRUE
Case#3: EALSE _I_ _L EALSE

Etc...
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= key element of Post-Mortem analysis

rﬁ bic_eventseq

== 2009-06-11 11:23:32.189659
=] 2009-06-11 11:
BE 2009-06-11 1

=] 2009-06-11 11:
=] 2009-06-11 1
FmE 2009-06-11 11:
BE 2009-06-11 11:
=] 2009-06-11 11:23:32.141884
mE 2009-06-11 11:23:32.141882
B 2009-06-11 11:
BE 2009-06-11 11:

[=]=]) 2009-06-11 11
ol 2009-06-11 11:

FE 2009-06-11 11:
=] 2009-06-11 11:

FmE 2009-06-11 11:
FE 2009-06-11 11:

== 2009-06-11 11:
mE 2009-06-11 11:
BE 2009-06-11 11:23:32.130185
=] 2009-06-11 11:23:32.130185

USER PERMIT: Ch 12(FMCM_RBIH.400107): B T -> F
USER PERMIT: Ch 12(FMCM_RBIH.400107): A T -> F
USER PERMIT: Ch 13(FMCM_RBIH.400309 T->F
USER PERMIT: Ch 13(FMCM_RBIH.400309): A T -> F
USER PERMIT: Ch 10(Bumpers currents): & T -> F
USER PERMIT: Ch 10{Bumpers currents): B T -> F
USER PERMIT: Ch 9(MSE septum current): B T -> F
USER PERMIT: Ch 9(MSE septum current): A T -> F

... LOCAL PERMIT: B T ->F
.. USER PERMIT: Ch 8(TT40 converters currents): B T -> F

LOCAL PERMIT: AT -> F

... USER PERMIT: Ch 8(TT40 converters currents): A T ->F
.. MARKER: 2 us

TIME: Event Received

... LOCAL PERMIT: AF -> T
. LOCAL PERMIT: BF -> T

USER PERMIT: Ch 10{Bumpers currents): BF -> T

... USER PERMIT: Ch 10(Bumpers currents): A F -> T
.. USER PERMIT: Ch 9(MSE septum current): BF -> T

USER PERMIT: Ch 9(MSE septum current): &F -> T

... USER PERMIT: Ch 8(TT40 converters currents): BF -> T
.. USER PERMIT: Ch 8(TT40 converters currents): AF -> T

USER PERMIT: Ch 10(Bumpers currents): A T -> F

... USER PERMIT: Ch 10(Bumpers currents): B T -> F
... USER PERMIT: Ch 9(MSE septum current): B T -> F
.. USER PERMIT: Ch 9{MSE septumn current): AT ->F

History Buffers

Bruno PUCCIO

Thanks to different gathered HBs:

=> |dentify of source of beam dump

/ 7 o'E X
All BIC hronised — —
S SynC ronlse Systen Pc 03.27
Class EVENT_SEQ Analysis result Firstinput change detected: USER_PERMIT: Ch 8(FMCM_RMSD-b1): AT -> F on CIB.UAG7.R6.B1
1 H H Source V» Triggered BIC inputs Ch G(FMCM_RMSD-h1), Ch 8(FMCM_RMSD-b2), Ch 3(LBDS-h1)
WI | m I n g ys e m Event stamp 06:32:26.000 12/05/10 Bearn 1 propagation delayto LEDS _|4000 ns
Version 0.3.27 Bear 2 delayto LBDS _|Data not available
Encoding BIC/EVENT_SEQ OVERALL 38 BICs triggered valid PM data
(1S accuracy) |
Analysis flags | [NORMAL]
EVENT OVERVIEW M SOURCE OVERVIEW
A Loc Permit A/B ime D | Description BICname Index Source Name | Data Valid
200 T 06:32:26+000303 0 [ USER_PERMIT: Ch G(FMCM_RMSD-b1): AT -> F CIB.UABT.REET || |1 CIB.UAB3.L8 B2 [true A
v ﬁ [ 06:32:26+000304 1 L USER_PERMIT: Ch 9(FMCM_RMSD-b1): BT -> F CIB.UAB7 R6.B1 2 CIB.UJ56.R5 BT [true
i 13226+ 4 "t BEAM_PERMIT:AT->F CIB.UAB7 R6.B1 3 CIB.UAB3.L8.B1 [true
[t +000307 4 CIB.UAB7.R6.B1 4 CIB.UJ56.R5.B2 true
[\ +00031 1 CIB.UAB3.L6.B1 5 CIB.US15.L1.B1 [true
[ + 1 CIB.TZ76.U7 B1 B CIB.US15.L1.62 true
e + CIB.UJ56.R5 BT 7 CIB.SR7.S7B1 [true
e ts + CIB.SR7.57.81 CIB.SR7.57.62 [true
lﬂ' + 9 CIB.USC55.L5B1 | CIB.USC55 rue
I + 6 CIB.UAB3.L8.B1 0 CIB.UAB? R8.B1 [true
[ + 7 CIB.UA47.R4.B1 1 CIB.USC55.L5... true
[ + 9 CIB.UAB7.R8.B1 CIB.UAB7.R8.B2 true
i + 2 CIB.UA43.L4 B1 CIB.UST5.R1.E1 [true
e ts + 5 CIB.USTSLTET CIB.US15.R1.62true
lﬁ' + 1 CIB.S5R3.53.B1 1 CIB.UJ33.U3.B2 ftrue
o + CIB.CCR.LHC B1 6 CIB.UJ33.U3 BT [true
[ + 1 ClB.UJ33U3BT | | 7 CIB.UAB3.L6.B2 [true
[ + 4 CIB.UA27.R2.B1 ] CIB.UAB3.L6.B1 [true =
[ + 7 CIB.UA23L2B1 9 CIB.SR3.53.B2 [true
I ; [ + 7 CIB.USTSR1E1 20 CIB.SREINJZT [true
History Buffer | Memary Map | lﬁ' +00042 3 CIB.UA23.L2 B1 21 CIB.SR3.53B1 [true
1 iads + 3 CIB.US15.R1.B1 CIB.SR2.INJ1.1 [true
"Hlsh:ry Buffer T'Memury Map [t + 7 CIB.UA27.R2B1 CIB.UAGT.RE.B2 [true
{3 + 2 CIB.UJ33.U3 BT CIB.SRZINJ1.2 [true
B z + 8 CIB.CCR.LHC B1 CIB.UAB7.R6.B1 [true
PER History Buffer [ Memory Map ot 1 CIB.SR3.53.81 CIB.UA4T.R4.B1 [irue
- - e ts + 7 4 CIB.UST5.L1BT CIB.CCR.LHC....rue
E' History Buffer | Memary Map ref = manid 28 CIB.UA23.L2.B2 [true
9 CIB.UA23.L2.B1 [true
FILTER 1li30 CIB.UA47.R4.BZ [true
USE SNAPSHOT
=
PERMIT | TIMESTAMP DESCRIPTION
== 2009-06-11 11:23:32.196217 USER PERMIT: Ch 11(FMCM_MSE4183M): B T -> F
== 2009-06-11 1. 32196216 USER PERMIT: Ch 11(FMCM_MSE4183M): A T -> F

=> Reconstruct sequence of events that

has led to the beam dump




Post-Mortem system

Automated post-operational analysis of transient data recordings from LHC equipment systems,

including interlock systems

Supporting machine protection by helping the operations crews and experts

Understanding the machine performance and beam dump events

and Answer fundamental questions:
- What happened? (i.e. the initiating event / event sequence leading to dump/incident)
- Did the protection systems perform as expected?

Assist in trend analysis, statistics of machine performance, ...

Every dump event is analysed and has-to-be-understood before next injection of beam is permitted

Basis is a reliable and performing data.transmission and storage layer, using standardised data

format across systems -> greatly simplifies the later analysis and correlation of data

Each beam dump generates ~ 1GB of PM data which is automatically analysed in typically < 1 min

markus.zerlauth@cern.ch



Post-Mortem layout

beam dump not planned (or planned) = analyse

. BeE—
Access System > Abso =
PM request T
Through timing syste Beam Dump

—_—

W B
-
= 8
9 3
g

TV
\ 4
H @)
9
Hi

]

Beam Dump

Software Interlocks —>| Poweringhnterlocks //

L | PowerC nvert(irz/é

——| Quenci=btection GJ

Programmed Stop

1]

H Operator Switches

- Exper)ilsnent Magnet

- H Beam Dump
l_ Radio Frequency

3| Beam Screen Control +

— Beam Screens

P
NTyScrorns —
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PM Server Architecture

[~] GLOBAL : GPM1 : 18.06.2010 06:33:18 (1276835598311142900)

( i jon | Modules graph | Results

Dump context

Event timestamp: |2010.06.1B 06:33:18 CEST

Acc mode: [BEAM SETUP
Beam mode: [NIECTION PROBE BEAM
Energy: [450120 [Mev]

Intensity B1: [o [e~10 charges]

Intensity B2: [o [e~10 charges]

SMP B1 / SMP B2: |PRESENT, SAFE / SAFE

Machine protection features

Event Description: [Machine Protection features OK, safe for next injection

Highest Beam Losses: |

Magnet Quenches:
nNQPS Triggers:

\No magnet quenches found

[No ngPS events found

Event Category:

Event Classification:

Event Sequence:

Event sequence

[PROGRAMMED_DUMP

ISINGLE_SYSTEM_DUMP

First input change detected: USER_PERMIT: Ch
1(Programable Dump bl): AT ->F on
CIB.CCR.LHC.B1

Triggered BIC inputs: [Ch 1(Programable Dump b1), Ch 3(LBDS-b1),

Ch 3(LBDS-b2)

SCEvents: [No power converter events found
Comments
User:
Input your for session confirmation:

BIC IPOC: & FMCM ISA: & PIC IPOC: &F
XPOC BL: & xpoc Bz @
Safe for injection ?: W PM Overall: W

Confirm || Discard H Release SIS

tabase

( Console

TU L TUC_LAT LA T
06:42:19 - New results have been received from the module FGC_EXT_ISA
06:42:19 - Final analysis is finished

NE:A2:10 - RCC_EYT _TEL_dar A

I06:42.“?9 - New analysis session progress: Final analysis is finished

LHC

Console I Running tasks l

Logging

06:56:14 - Ignoring IQC PM event: [IQC] 1276836971480238525
06:57:47 - Ignoring IQC PM event: [IQC] 1276837065080238525
07:53:10 - Ignoring IQC PM event: [IQC] 1276540387880238525

PM buffers




Analysis of global events...

BIC/EVENT_SE / / i 7 T @ &
et o E X O L= B 2]
HEADER SUMMARY
System BIC i i 03.23 |
Parameter | BCTDCABR4B1 | BCTDCABRAE: BCTDC.BER4.B1 BCTDCB6R4B2 | BCTFRABR4B1 BCTFRABR4B2 | BCTFRBER4BI | BCTFRB6RAB2 Class |EVENT_SEQ Analysis result description Firstinput change detected: USER_PERMIT. Ch 12(PIC_MSK). AT-> F on CIB.US15.L1 B2
E:‘“‘;'m \gw Ew 349 gw }gw Sw }gw {gw Source lisa Triggered BIC inputs ICh 12(PIC_MSK), Ch 5(PIC_UNM), Ch 3(LEDS-b1), Ch 3(LEDS-b2), Ch 12(FMCM_RD34.LR3), Ch 6(P...|
LastLfeTime [ 1236340226 31 23634522631 236349226 31 123634922631 5:;‘;““"‘” {5%3233"‘9 168 2200310 Boam 1 propagation :Z:?y:g L“;gg g;gg: e
BCT_DCPLOTS FALTERS || Encoding [BIC/EVENT_SEQ OVERALL 38 BICs triggered valid P data
- Qualifier |
¥ WIBCTA W aiysis flags [NORMAL)
o LHC.ecTOC ABRa 81 Dlecr s
3.5E10 H=LHOBOTUG ASRA B2 - Y SOURCE OVERVIEW
g Weam_1 {7, o | LocremitaB| Time Deltause) | Description BIC name Index__|Source Name| _Data Valid
2 [viBeam 2 || 319 ] |20:33.48+166037 0 USER_PERMIT. Ch 12(PIC_MSK). AT->F CIBUS1511.82 1 CIB.UASIL.. rue -
g s 21y 12033.45+166037 0 L USER_PERMIT Ch 12(FIC_MSK:BT->F ___(CIBUS15.L182 2 CIB.UJSER... true
£ 2124 20:33:48+166037 0 L USER_PERMIT: Ch 12(PIC_MSK): AT = F CIBUS15L161 3 CIB.UJSE ... true
£ [fow 20:33:48+166037 0 USER_PERMIT: Ch 12(PIC_MSK) BT-»F ___|CIBUS15.L161 4 CIBUASIL... e
H oin 20:33,48+166039 2 L USER_PERMIT. Ch 5(PIC_UNW) AT-> 1CIBUST5.L182 5 CIBUSI5 L. ue
£ 2510 s} 12033 45+166038 2 USER_PERMIT. Ch 5(PIC_UNM) BT-= F CIBUS15L162 5 CIBUS15 L. ue
5 18 |20:33:48+166039 12 USER_PERMIT: Ch 5(PIC_UNM):AT->F /CIB.US15.L1.81 7 CIB.SR7.S7.... rue
8 3 20:33:48+166039 2 USER_PERMIT: Ch 5(PIC_UNM): B T-> F CIBUS15.L161 8 CIB.SR7 S7... true
2610 |fam 20:33:48+166048 1 L_ USER_PERMIT: Ch 5(PIC_UNW) BT-> F CIBUS15 R1 BT g CIBUSCSS... frue
o, [203348+166049 (12 USER_PERMIT: Ch 12(PIC_WSK) AT—>F ___|CIBUS15R1B1 10 CIBUABT R...fiue
18 |20:33:48+166049 112 USER_PERMIT: Ch 12(PIC_MSK). BT-> F CIBUS15.R1.B1 11 CIB.UAST R... frue
- 12033.45+166049 12 USER_PERMIT. Ch 5(PIC_UNM). AT-= F (CIEUST5R1 BT 12 CIB.USCSS..
CAELETHILD RUEHIZ DN ZELERA L CELENALLD LD ZELETALD L 20:33:48+166049 12 {_ USER_PERMIT: Ch 5(PIC_UNN): BT > F CIBUS15.R1.B2 13 CIB.US15R.. ltue
Time (20ms resolution) [} 20:33:48+166049 12 L USER_PERMIT: Ch 12(PIC_MSK):AT-> F CIBUS15 R1.62 14 CIBUS1S .. ftue
e 8, [2033.48+166050 |13 L USER_PERMIT. Ch 12(FIC_MSK) BT-F ___(CIBUSTSRIB2 ||| (15 CIBUJ33 .. e
— — —~ s} 1203348166050 13 USER_PERMIT. Ch 5(PIC_UNM) AT-> F (CIBUS15RI B2 16 CIBUJ33U... lue
Intensity History | Beam Lifetime | ] 12033 48-206767 40730 USER_PERMIT. Ch12(PIC_MSKLBT-=F _CIBUA23L282 17 CIBUASIL.. e
— ] 20:33:48+206767 40730 "1 USER_PERMIT: Ch 12(PIC_MSK:AT-> F CIB.UA23.L282 18 CIBUASIL... ftue ¥
T |fom 20:33:48+ 206767 40730 L USER_PERMIT: Ch 12(PIC_WSK)\ BT-»F __CIBUA23.L261 19 CIB.SR353... true
60 LHC BCTFR ABRU 82 o 12033 48206767 40730 USER_PERMIT. Ch 12PIC_MSK) AT->F | CIB.UA23L281 20 CIB.SRBINJ.. tue
g o~ LHC.BCTFR.BSR4.B1 1.y |20:33:48+206768 |40731 L USER_PERMIT: Ch 12(PIC_MSK). AT->F CIB.UA27 R2B1 21 CIBSR3.53... rue
5 50 LHC BCTFR.BER4.B2 t-’ |20:33:48+206769 40732 USER_PERMIT: Ch 12(PIC_MSK):AT->F CIB.UA27 R2B2 22 CIB.SR2.INJ... rue
3 ] 20:33:48+206769 40732 L USER_PERMIT: Ch 12(PIC_MSK:BT->F  CIBUA27.R262 23 CIBUAST R... true
= |faw 20:33:48+206769 40732 L USER_PERMIT: Ch §(PIC_UNWyAT-> F CIB.UA27 R2.B2 24 CIB.SR2INJ.. ftue
Ew ] 2033482206769 (40732 USER_PERMIT: Ch 5(PIC_UNM) AT-> F [CIBUA23 L2862 25 CIBUAST R... e
g s} [203348-206769 40732 USER_PERMIT. Ch 5(PIC_UNM) BT- F (CIBUR23 L2852 % CIBUAZ3L.. ue
z 30 A 1203345220676 40732 USER_PERMIT. Ch 5(PIC_UNM). AT-> F (CIEUA23L2B1 27 CIB.UATR... true
3 3, 20:33:48+206769 40732 L USER_PERMIT: Ch 5(PIC_UNM) BT > F CIBUA23L2.81 28 CIB.CCRLH..tue
L e . . [t 20:33:48+206769 40732 L USER_PERMIT: Ch 12(PIC_WSK): BT-F ___CIBUA27.R2B1 29 CIBUAZIL.. true
B 1104 20.33,48+206769 40732 USER_PERMIT. Ch 5(PIC_UNM) AT~ CIB.UA27 R2B1 30 CIB.CCRLH._tue
€am Intensities, Lifetime i
e 2 32 CIBUAIL.. frue
[]Beam_Permit_Loop [Beam_Permit | Local_Permit [v]User_Permit []User_Permit_Giitch [ Software []Mask [¥]Masked_Permit 3 CIBUM3L. true
oo socons) [7] Disabled_Permit [] Channel_Enable [] Test []Power []Self_Test []Time [] Safe_Beam_Flag (] Marker (] s & i
PHLBEILE L0 2L0% L ————————————————| 36 CIBSREIN. trus >
D BLM/BLMLHC >> Version: 0.2.27 Responsible: Fabio Follin X

e [4] unic [Gray /s [+] Scate: [Log v mtegration Time: [ a0 us|v| st [1900] ena 2047 Losses: [Max [v] oispray: [ ||} [id][E)] 0
[] Diff Last-First Auto scale
Octant Filter | Sectors Filter | Dump Filter | List Filter | Regex Filter | Beam Permit Filter | [] 10 20 30 40
Filter 3559 / 3901)
Monitar 82 ms [655 ms| 135 2095 83.85| | Type  Section LeftRight Octant  Beam
s s Y . o i
BLMQLO4L6.B1E20_MQY. ®ic | |Euss || 1 s = First traj/orb
. [V Left [v]Beam 1 44—+ lasttraj/orb
BLMQLO4R6.62120_MQY 2 W6
BLMQLO4RG6.B1E20_MQY CJuc  @os P .
BLMELOAL6 3110 TEOSATLEST I N eam bosition orbit
BLMELO4L6.E1EL0_TCDSEAL6.EL Dsem | | @arc | |ERoR |0 || Eseam 2
BLMELO4L6.82110_TCDQA.BALG. a

[V Show Dump Indicators < 12.06.2011 07:17:00

Hor. pos [mm]

Losses

100

Octant 1 Octant 2 Octant 3 Octant 4 Octant 5
10 it =

£ a £
E —
£ o
2 o1 T U U T T T T U T T
= 10 20 30 40 50 60 70 80 90 100

0.001 - Monitor No.

Monitors i

Monitor Losses versus Time

E [+ |[re|[ ] BLMELO4REE2I10_TCDSE ARG B2 =

Total Losses = 1.6835E02 (Gray / 5]

Beam Loss Monitors | |-

Vert. pos [mm]

0.076 0.077 0.078 0.079 0.08 0.081
Time [sec] - T T - -
[JShow Labels [] Display Optics Elements. [v] Use DCUM 100 200 300 400 500

Monitor No.

markus.zerlauth@cern.ch




An example of event sequence

Event Timestamp: 12-JUN-11 07.17.00.656290 AM

Beam Energy: 3500040

Mps Expert Comment : Quench of RD2.L1 magnet
(+ due to suspected imbalance as well RQ4 some 17 sec. after the dump...
Dump clean.

B BIC/EVENT_SEQ >:> Version: 0.4.10 Responsible: lvan Romera Romire. & )
HEADER SUMMARY T - d BIS I .
System BIC pmAnalysisModuleyersion 0.4.10 rlggere nputs,
Class EYENT _SEQ Analysis result description First USR_PERMIT change: Ch 12-PIC_MSK: AT -> F on CIB.US15.L1.B1
Source ISA Triggered BIC inputs Ch 12-PIC_MSK(L1.B1), Ch 5-PIC_UNM(LL.B1), Ch 12-PIC_MSK(L1.B2), Ch 5-PIC_UNM(L1.B2), Ch .. Ch 12-PIC MSK(L1 B1 ),
Event stamp 07:17:00.654 12706711 Beam 1 propagation delay to LEDS|61000 ns -
Versm_n 0.4.10 Beam 2 propagation delay to LBDS|64000 ns_ i Ch 5-P|C UNM(L1 . B1 )’
Encoding BIC/EVENT _SEQ OVERALL 28 BICs triggered valid PM data —
Quaier Ch 12-PIC_MSK(L1.B2),
Analysis flags [NORMAL] —_
EVENT OVERVIEW : SOURCE OVERVIEW Ch 5_PIC—UNM(L1 ' Bz)’
Index |Loc.Permit A/B Time Delta{uSec) Description BIC name | Index Source Name Data Valid | Ch 5'P|C_UNM(R1 BZ),
154 07:17:00+656215 0 USER_PERMIT: Ch 12-PIC_MSK: AT -> F CIB.US15.L1.B1 - 1 CIB.UAB3.L8.B2 [true -
155 07:17:00+656215 0 {_ USER_PERMIT: Ch 12-PIC_MSK: BT -> F CIB.US15.L1.B1 2 CIB.UJ56.R5.B1 [true Ch 5‘PIC UNM(R1 .B1 ),
156 07:17:00+656215 0 _ USER_PERMIT: Ch 5-PIC_UNM: AT -> F CIB.US15.L1.B1 3 CIB.UAB3.L8.B1true -
157 07:17:00+656215 |0 | USER_PERMIT: Ch 5-PIC_UNM: BT -> F CIB.US15.L1.B1 4 CIB.UJ56.R5.B2 [true Ch 12-PIC MSK(R1 BZ),
158 07:17:00+656215 0 {_ USER_PERMIT: Ch 12-PIC_MSK: AT -> F CIB.US15.L1.B2 5 CIB.US15.L1.B1 [true —
159 07:17:004656215 [0 | USER_PERMIT: Ch 12-PIC_MSK: BT -> F CIB.US15 1182 6 CIB.US15.L1 B2 [true Ch 12-PIC MSK(R1 B1 )’
160 07:17:00+656215 0 {_ USER_PERMIT: Ch 5-PIC_UNM: AT -> F CIB.US15.L1.B2 7 CIB.SR7.57.B1 |true -
162 07:17:00+656216 |1 | USER_PERMIT: Ch 5-PIC_UNM: BT -> F CB.US15.L1.62 || 1|8 CIBSR7.57.82 [true Ch 4-BLM U N M(L6BZ)
230 07:17:00+656279 64 [ USER_PERMIT: Ch 5-PIC_UNM: BT -> F CIB.US15.R1.B2 3 CIB.USCS5.L5... [true —UNM L6 B1 ’
231 07:17:00+656279 64 [ USER_PERMIT: Ch 5-PIC_UNM: BT -> F CIB.US15.R1.B1 10 CIB.UABY RS.... [true - ( )
236 07:17:00+656281 66 {_ USER_PERMIT: Ch 12-PIC_MSK: AT -> F CIB.US15.R1.B2 11 CIB.USC55.L5... [true Ch 4 BLM— " ’
238 07:17:00+656281 66 [ USER_PERMIT: Ch 12-PIC_MSK: BT -> F CIB.US15.R1.B2 12 CIB.UAB?Z.R8.... true - ( )
248 07:17:00+656281 66 {_ USER_PERMIT: Ch 12-PIC_MSK: AT -> F CIB.US15.R1.B1 13 CIB.US15.R1.B1true Ch 11 BLM—MSK L6'Bz ’
257 07:17:00+ 656282 67 {_ USER_PERMIT: Ch 12-PIC_MSK: BT -> F CIB.US15.R1.B1 14 CIB.US15.R1.B2 [true - ( )
267 07:17:00+656284 69 {_ USER_PERMIT: Ch 5-PIC_UNM: AT -> F CIB.US15.R1.B2 | 15 CIB.UJ33.U3.B2 [true Ch 11 BLM_MSK LGB1 )
271 07:17:00+656284 69 _ USER_PERMIT: Ch 5-PIC_UNM: AT -> F CIB.US15.R1.B1 16 CIB.UJ33.U3.B1 true - TA' ( )
336 07:17:00+656331 116 [ USER_PERMIT: Ch 4-BLM_UNM: BT -> F CIB.UAE3.L6.B2 17 CIB.UAG3.L6.B2 [true Ch 8 BPMS L&R SySt' A R6'82 I
337 07:17:00+656331 116 {_ USER_PERMIT: Ch 4-BLM_UNM: AT -> F CIB.UAG3.L6.B2 18 CIB.UAG3.L6.B1 |true T - TAT
346 07:17:00+ 656332 117 t_ USER_PERMIT: Ch 4-BLM_UNM: BT -> F CIB.UAG3.L6.B1 19 CIB.SR3.53.B2 [true Ch 8 BPMS L&R SySt A (RGB1 )1
347 07:17:00+ 656332 117 {_ USER_PERMIT: Ch 4-BLM_UNM: AT -> F CIB.UAG3.L6.B1 20 CIB.SR8.INJ2.1 [true [I's}l
395 07:17:00+656343 128 [ USER_PERMIT: Ch 11-BLM_MSK: AT -> F CIB.UAG3.L6.B2 21 CIB.SR3.53.B1 |true Ch 1 O-BPMS L&R SySt- B (L6-B1 )
396 07:17:00+656343 128 _ USER_PERMIT: Ch 11-BLM _MSK: BT -> F CIB.UAG3.L6.B2 22 CIB.SR2.INJ1.1 [true s}l
400 07:17:00+656344 129 [ USER_PERMIT: Ch 11-BLM_MSK: AT -> F CIB.UAG3.L6.B1 23 CIB.UAG7.RE.... [true Ch 1 O_BPMS L&R SySt- B (LG-Bz)
401 07:17:004+656344 129 _ USER_PERMIT: Ch 11-BLM _MSK:BT -> F CIB.UAG3.L6.B1 24 CIB.SR2.INJ1.2 |true
647 07:17:00+656675 460 {_ USER_PERMIT: Ch 8-BPMs L&R syst."A' : AT -> F CIB.UAE7.RE.B2 25 CIB.UAG7 .R6.... [true Ch 3'LBDS'b2(R6 Bz),
649 07:17:00+ 656678 463 [ USER_PERMIT: Ch 8-BPMs L&R syst.'A' (BT -> F CIB.UAG7.R6.B2 26 CIB.CCR.LHC.B1jtrue
661 07:17:00+ 656687 472 [_ USER_PERMIT: Ch 8-BPMs L&R syst.'A' : AT -> F CIB.UA67.RE.B1 || 27 CIB.UA47.R4.... [true Ch 3'LBDS'b1 (L6. B1 ),
N7-17-N0+A5AAA1 476 LISFR_PERMIT- (h 8-BPMs | &R cwst ‘A BT -~ F CIR1AR7 RART 1| |28 CIB.UA23.L2.B2 [true
: I LD I 25 CIB.CCR LHC.B2true Ch 4-Vacuum b1b2(R1.B2),
FILTER 30 CIB.UA47.R4.... [true
31 CIB.UA23 2.8 frue Ch 4-Vacuum b1b2(R1.B1),
[] Beam_Permit_Loop [ ] Beam_Permit [] Local_Permit [v] User_Permit [] User_Permit_Glitch [v]Software [ | Mask [v] Masked_Permit 32 CIE.UA43.L4.B2 [true
[ ] Disabled_Permit [ ] Channel_Enable [ | Test [ | Power [ |Self_Test [ | Time [ |Safe_Beam_Flag [ | Marker [ ] Injection BICs ;i E:g?‘;;ét‘;g; :rue Ch 1‘Vacuum b2(L1 BZ),
. .U7.B2[true —
Channel A [v] Channel B [v] Beam 1 [v] Beam 2 [] Generator 35 CIB.TZ76.U7.B1/true _ ( )
. b T276.U7.1le s Ch 1-Vacuum b1(L1.B1
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Summary

Beam Interlock System is by design: safe, reliable, fast, modular....

+ has embedded features for monitoring and testing interlock process,

Together with Timing system, Post-Mortem and GUI applications:
. Provide clear and useful information to Operation

- Minimize machine downtime
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Thank you for your attention
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BIS Feature

11 : 9. Bsic Overview IA[=] B3
thanks to |nput Masking SHOW VIEW  MASK/UNMASK  COMMAND
sere geav FLAG  (TRUEHING
. H . 'y INPUT DISABLED MASK SET r MATRIX 1 PERMIT
Within a flxed.pa!rtltlon, half N e
of User Permit signals \ o e
could be remotely masked ~
1 Yacuum bl B -——- NO
2 t used -
3 Inotused ——
Masking depends on an s [otees 1.
external condition: s [rcow Hli_ o
the Setup Beam Flag 6 [rotuses N B
- generated by a separate & | 7 |wiu -—'R, O
dedlcated SyStem 8 Beam-1 Excursion B -——> ‘ NO 1 .: !
(Safe Machine Parameters) | . [aciwes | [RE— w £
10 BTY-b1 B -——»’ NO ‘—'
- distributed by Timing o [rotused —IER:
12 PIC_MSK |Z| -——v‘ NO 1—-::4-
13 TCDQ-b1 |Z| -—* NO :‘
Masking automatically Mot -
removed when
Setup Beam Flag
= FALSE
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BIS User Systems: LHC Vs. Linac4

- SIS
version of 01.08.2009 LHC ring b3 INJ. )

[OSer Systenis NN O YA VA R A Y S T N Y G R A Nl E [ BT 102 |Abbrev. SourceHV
1 JCollimation (Environmental Param.) SRR R e 14 1a] 14 10 1111 10 10 ﬂ_ H [COLL_ENV
2 [Collimation (Motor positions) IR EEN EEY EEN ER 114 14 11]1a 1 1A H ([COoLL_MOT P h
3 Vacuum system (“sector valves) m m ﬁ 1 1] mim| Il“ mimim m m 202 delvac PEGHOppEn

IVacuum system (“X valves”) Ladlallal | . [ 1] s |0 L4 Beamstopper

IPIC for essential circuits n n n n n n ll n n n n n n 16 PIC_UNM Out/Moving ‘CEU

PIC for auxiliary circuits 1 1 1 1 2 1 1 1 2 1 1 16 PIC_MSK a

IBLM at aperture limitations [ 1] [ 1] [ ][ 1] [1] 1] [ ][ 1] 8 BLM_UNM L4 Beamstopperin

[ in arcs 1 i i I 1 1 i ; B MSK S
& [Fast Magnet current Change Monitors 1 2 3 1 14 3 10 [l | B |FM_oox Chopper [ud
7 IWIC (Warm Magnets Interlock) [ 1 | [ 1 | ERIEn] [ 1 | En ER 8 wic )
8 |Screens 1 104 10 0 B e BTV L4 Low-EnergyWD |.|CJ
9 |RF & Transverse Damper 141 2 2 RF
10|Beam excursion (BPM) 14 11 BPM No Inhibit (Operator) ;
11JLHC Beam Dumping System Blo 11 f |eDs (@)
12|Beam Aperture Kicker 14 11 MKA —l
13llnjection Kickers 1 1 11 H MKl
14TCDQ 11 11 TCDQ
15=LHC Access Safety System [ 1] [ 1| | 1 |E LASS AQNLA4L.MQF3910
16 JLHC Control Room (Operator Buttons) Ea |10 | (ccc
17=Programmed Beam Dump (via Timing) El| PROG AQN L4L.MQD4010
18ILHC Safe Machine Parameters 1 IEEE] SMP
19JFast Beam current Change Monitors 11 11 FBCM AQN L4L.MQF4110
20JATLAS (Detector part) [ 1 | 1+ |0 | B (ATL_DET
21JLHCF (Detector part) 1 | 1 LHCF_DET SIS
22JALICE (Detector part) En 1+ |H | B |AL_DET : =
23]CMS  (Detector part) [ ] - I@ T olcws oer Ex. Conditions
24| TOTEM (Detector part) [ | . 1@ | @oroer (full pulse)
25JLHCb (Detector part) [ 1 ] 1+ |@ | B |LHCB_DET L4 RF [
26JATLAS (Magnets) 1 1 ATL_MAG o
27JALICE (Magnets) 1 1 ALI_MAG BLMs L4+TL %
28|CMS  (Magnets) 1 1 CMS_MAG (low loss) o)
20JLHCb (Magnets) 1 11 LHCB_MAG BLMs L4+TL <
30JATLAS (movable devices) m 11 ATL_MOV (high loss) O
31| TOTEM (movable devices) m 11 TOT_MOV L4 WD before o
32JLHCb (movable devices) (1] 1 LHCB_MOV BHZ20 (high loss) ‘|C|_.2
33JALICE-ZDC (movable device) o of Al ALI_ZDC s —
34MSI Convertor Sum Fault o ofH | B (MSI_SUM L4 WD before @©

User Systems IRl il 2lre]l SIRsl o I Re R U7 | s7Lie | Re Iccr YE Y] Abbrev. BHZ20 (low loss)

Individual beam connections (Unmaskable) max = 3,3 m m m m m m m m m m m m m m m 50 51 14 13
Both beams connections (Unmaskable) max=2 N P W T B2 0 2| [ 4 | 1 | El R e 215  connections

Indndual heam ronnectinne IMackahlel may = 33 L0 = . . .

|
»
)
»
|
»
i
)
|
’
|
»
i
»
)
»
|
»
|
»
)
»
|
b
i
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BIS: Operational Checks

Pre-Operation checks (launched by Beam Sequencer)

Bei

SER

BX
[ + Ren:romerar

During Operation

. . .
T = s ey = DiaMon application
LHC i Vatuurn b 5[PIC PVGS.CIP.UJ33AL3 v
jnot used GIPICPVBS CIP.UJ33 ARS 2 Diamon consols 1.9.15.001 - IROMERIR - htp:/labvm]-peal diamon_config/bic/config sl
S scin ot used 7IWICPYSS.CIW.UJ33 LRI v
CCESS 88 T0/LHC BTVM7L3 BT v
IC_UNM Let 2 # 60 Search: <l postname |~ togged as romerar change |©
CBUJIUIBT |v 1C_UNM Right v Rn =
ic v § o =
OLL#MOT-61 ¢ Qoes
OLLZENV-DT =@ ses
m ETvat & L@ oar
1 notused @ em
2 PIC_MSK Left |-
13 [PIC_MSK Right —qme
T not used .
+ Qe
- @ omconme =
JE — & BIC CIB.UJS6.RS.B2
[ General | Detats | Bic |
+ @ couRzLz frests | +| | updte usors | cloar U registor | cloar B0 reister | 53
- @ counTR e

Tout
R

- @ cBsrsy
- @ cBUAILY
@ counizs
- @ cmuscssis

Agent response time
PPS reception

BT comms
Marx clocks.
Penmit loop frequercy.
Permitloop gitches
it info consistency.

iU T conms
+ & couseus i
& cucavaisscins s pori consistoncy
G atusos
& wecrana.uss.civs|

s
g ——

& P e cins ||
& e cpussRset

configuration verification
and integrity check

- @ crutssLe

I g i
\ o @ (RSR7ST ) =
‘ \ 7325 e st g -

Post-Operation checks
included in Post Mortem analysis )

Ll
HEADER SUMMARY

] bic_ipoc.

System
Class
Source
Event stamp
Version
Encoding
Qualifier
Analysis flags

Timing alignment
BEAM_PERMIT Redundancy
USER_PERMIT Redundanty
Sequence of breaking of BPL
OVERALL

Bearn 1 dumped
Beam 2 dumped NO
BEAM_PERMIT events for Beam 1 |17 out of 17

BEAM_PERMIT events for Beam 2_|0 out of 17
q

In order to ensure
that safety is not response

BREAKING OF THE BEAM PERMIT LOOP.

INON ALIGNED DEVICES
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I Beam Dumps in 2011 Proton Run -

® Number of Beam Dumps in 2011 p-p Run: 482
e Number of Non-Programmed Beam Dumps: 375 (78%)

e Number of Non-Programmed Beam Dumps in Stable Beams: 168 (35%)
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2011 Proton Run: Beam Dump Causes
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Safe Machine Parameters Layout
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