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Safe Machine Parameters

receives accelerator information
generates flags & values
directly transmitted and / or broadcast

injection procedure J L protection configuration

Beam Interlocks
Extraction Interlocks Collimation

Beam Loss Monitors ...

*fast *safe *reliable *available
CERN = System Safety



Directly
Transmitted



Extraction Interlocks

Transfer Lines
Beam-1=TT60 + TI2

Beam-2 =TT40 + TI8
Super \ Large

Proton Hadron

Synchrotron \ Collider

Extraction Master Beam Interlock Controllers
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Extraction Interlocks
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Extraction Interlocks

three beam transfer conditions:

probe =——>
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nominal —>
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Directly Transmitted
Interlock Signals
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Broadcast



Protection Configuration

e LHC
Safe Machine
Machine Parameters
Parameter
Controller

Broadcast
Safe Machine Parameters

Super \ Large
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SPS \
Machine SPS
Parameters Safe
Machine
Parameter
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Controllers



Two Controllers

Machine
Energy

Broadcast

A
4 A

SPS Set-up Beam Flag

SPS General
Machine
Timing

—

Directly Transmitted

A
4 A\
HiRadMat Cycle Flag

CNGS Cycle Flag
LHC Cycle Flag
SPS Probe Beam Flag

Machine
Energy

Beam _ SPS
Intensity Safe
Machine
H Parameter
N
=1 Controller
Beam >
Intensity
A N
= LHC
Safe
Machine
Beam ——— > | Parameter
Presence Controller
Beam Mode ——>
Squeezing Factors —>

LHC General
Machine
Timing

LHC Machine Energy
—> LHC Beam Intensity 1
LHC Beam Intensity 2
Moveable Devices Allowed In
Stable Beams Flag
Squeezing Factor 1/2/5/8
—>LHC Beam Presence Flag 1 LHC Beam Presence Flag 1
—>LHC Beam Presence Flag 2
—> LHC Set-up Beam Flag 1

——> LHC Set-up Beam Flag 2

LHC Beam Presence Flag 2
LHC Set-up Beam Flag 1
LHC Set-up Beam Flag 2
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LHC Safe
Machine
Parameter
Controller

LHC General
Machine
Timing

Hardware
Cross Check
CISC

LHC Machine Energy
LHC Beam Intensity 1
LHC Beam Intensity 2
Moveable Devices Allowed In
Stable Beams Flag /A /B
Squeezing Factor1/2/5/8
LHC Beam Presence Flag1 /A /B
LHC Beam Presence Flag2 /A /B
LHC Set-up Beam Flag1 /A /B
LHC Set-up Beam Flag2 /A /B



Dangerous Circumstance

Safe Machine Parameters ;,f General Machine Timing
Transmission Broadcast

Set-up Beam Flag stuck TRUE
Energy stuck at 450 GeV

LHC Machine Energy

Moveable Devices Allowed In
Stable Beams Flag /A /B

parameters used by
Squeezing Factor1/2/5/8

machine protection system

LHC Set-up Beam Flag1/A/B
LHC Set-up Beam Flag2 /A /B
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Cross-Checker
Implementation



Cross-Checker (CISC)

Record last 10 SMP transmissions
Compare with current GMT transmission

For each parameter ——— — discrepancy = beam abort

—— swmp —\l/
([ sme, |—
° " Z| = | GMT=5MP,
10-Deep oM z = |— GMT=5MP,
Shift < sMp, |- 1 _
Register 5 *> _ GMT =5MP, —
: e == ——USER_PERMIT
\% - -1 ==
UL MPe T2 = |— eMT=smpy —T
GMT
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Cross-Checker (CISC)

One second

/

Record last 10 SMP transmissions
Compare with current GMT transmission

For each parameter ——— — discrepancy = beam abort

also checks cable presence & parameter reception rate

e  GMT can drop a parameter
*  GMT can rearrange parameter transmission order
*  GMT cannot change payload of parameter

now connected to BIS
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Cross-Checker (CISC

From SMP SMP Interval Check

For SMP LHC Cable Id _ — LHC Cable Id

SMP LHC Machine Energy  450.12 GeV/ —* LHC Machine Energy IC

ort

SMP LHC Flags  See Tooltip ~ ——* LHC Flags IC
SMP LHC SF 1 12.04 m — LHC SF 1 IC p—
SMP LHC SF 2 10.00m — LHC SF 2 IC
SMP LHC SF 5 11.98m — LHC SF 5 IC
SMP LHC SF 8 10.00m — LHC SF 8 IC
Polarity OK _
L 1 Cross check
LHC Machine Energy CC — To LHC BIS
N LHC Flags CC --L uSER PERMIT B1 A [JNTRUEN
LHC SF 1 CC e - USER PERMIT B1 B -
N LHC SF 2 CC cross chet USER PERMIT B2 A [TRUEN
LHC SF5¢CC| Ok | -I USER PERMIT B2 B [ITRUEN
T LHCSF8cc| ok |-

From GMT

GMT LHC Machine Energy 45012 GeV —* LHC Machine Energy IC —

GMT Interval Check

GMT LHC Flags — LHC Flags IC -—L
GMT LHC SF 1 12.04 m — LHC SF 1 IC
GMT LHC SF 2 10,00 m —_— LHC SF 2 IC aMT I - )
GMTLHC SF5  11.953m — LHCSFSIC| OK | -f
GMTLHC SF &  10.00 m — LHC SF 8 IC| oK |~
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Cross-Checker (CISC)

From SMP SMP Interval Check

For SMP LHC Cable Id _ — LHC Cable Id

SMP LHC Machine Energy  450.12 GeV/ —* LHC Machine Energy IC

LHC Machine Energy cross-check details

Last received warning : never received
SMP LHC Flags See Tooltip —* LHC Flags IC Total number of warnings : 0

SMP LHC SF 1 12.04 m — LHC SF 1 IC i . i
Last received interlock : never received

SMP LHC SF 2 10.00m — LHC SF 2 IC
Total number of interlocks : 0

SMP GMT MATCH ?
potarity o RGN | |

C heck
L1 rass Enee 59.52 Ge¥ | ————— | 59.52 Gev
LHC Machine Energy CC
50.52 GeV —— Q.52 Gel

SMP LHC SF 5 11.98m — LHC SF 5 IC

SMP LHC SF 8 10.00 m — LHC SF & IC

=

(=1

N LHC Flags CC
LHC SF 1 CC 2 599.52 GeV — 59.52 GeV

5952 Ge¥ @ &
5940 GeY 44—
5040 GeY¥ = 44—
5040 Ge¥  4———
5952 Ge¥ @ &

[t}

N LHCSF2cCC| ok |
LHC SF 5 CC

LHC SF 8 CC Ok
—L " ox |

GMT LHC Machine Energy 45012 GeV —* LHC Machine Energy IC —

o

From GMT

=4}

GMT Interval Check

=l

AALAALANANATALA

GMT LHC Flags — LHC Flags IC -L i 99,52 Gel —
GMTLHC SF 1 1204 m — LHCSF1IC| ok |- 9 5040 eV | 4—m
GMT LHC SF 2 10,00 m —_— LHCSF 2 IC| OK |
GMT LHC SF 5 11.98 m — LHC SF 5 IC I Cross-Check DK : _
GMTLHC SF &  10.00 m — LHC SF 8 IC| oK |~

benjamin.todd@cern.ch SMP @ MPP



Cross-Checker (CISC)

e GMT drops a parameter

Warnings recor when: —
a gs recorded € *  GMT rearranges parameter transmission order

Automatic observation by CISC
Never observed...

*  GMT drops three consecutive parameters

Interlock raised when: «  GMT changes payload

Interlock through BIS
Never observed...
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Cross-Checker (CISC)

BIE Overview !E[ B
[ CIB.CCRLHCB1 X [ CIB.CCRLHC.E2 X |

SHOW WIEW  MASKAUNMASK  COMMAND

S4FE BEAM FLAG [[RTRUE

DISABLED  MASK SET [ MATRIX— [ PERMIT

SOFTWARE

INIT

atlc Obse 1 Programabl... |Z|

- Never ok , [y — 5

SBF (B1/B2) W . ﬁmt p—
Beam 1 Permit [l 4 Operator Bu...| |

FaLSE
FaLSE

e
e

Beam 2 Permit [ GU? ” s [y
& Inot used I:l—
BP Link Status | ] Ds7 7 [rotues Pt
2 [nut uzed | — | |
Gm el 9 Inot used | - | |
a @ 10 Inot used | — | |

La

0 11 KT test mo... |Z|
’ RE 12 Inot used | — | |
l'*-:! e 13 Inot used | — | |
R1 L1 erlock tl o, [orew L |

Never ok
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Cross-Checker (CISC)

1) Arm loops...
Does it actually work? 2) Send single bad energy in timing editor...
3) Observe...

* Reactive consolidation / maintenance only

MP h ' ill I :
> ardware project will be closed * New needs = new requests e.g. LS1 SBF tables

* Pre-op / DIAMON / Post-Op now functional

SMP software project ongoing .  complete logging functional simple format

See J.-C. Garnier up next

benjamin.todd@cern.ch SMP @ MPP



fin — thank you!



