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Introduction

CERN injectors chain:

LHC

The accelerated particle types are SPS
protons and heavy ions

Energy:
LHC: 6.8 TeV/c

SPS: 450 GeV/c
PS: 26 GeV/c

PSB: 1.4 GeV/c

Circumference:

Intensity per beam: ;I;g g%?ggmm
LHC: >35E13 p* oS, 628 Im
PSB: 157 m
PS: > 2E13 p*

PSB: > 2E13 p* 4




SPS complex

Introduction

The SPS is the injector of the Large Hadron Collider (LHC).
SPS is delivering beam to North Area to fullfill Fixed Target physics.
Machine Development Studies are performed for optimisation of new beams.
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Machine Protection

- SPS and LHC beam energy can be above the damage level of accelerator
components (vacuum chamber, magnets, etc...).

===p  Protection by an interlock system:

"interlock" refers to a safety mechanism or control system designed to
automatically halt the operation of the accelerator

Designed to detect faults, failures and potentially dangerous situations
O To prevent excessive beam losses

[ To stop operation when something goes wrong
Caveat: a trade-off between protection and beam availability

To help diagnose and resolve problems

To check the machine configuration



Machine Protection

Accidental high intensity (



Machine Protection Synergy

Beam Interlock System (BIS): Software Interlock System (SIS):
- entirely implemented in Hardware - entirely Software based

- dumps the beam - more flexible

- prevents injection or extraction - implements more complex logic

- fast reaction time (usec) - reaction time rather slow

(hundreds msec)
- expert authorisation needed to

change settings - used also as a diagnostic tool

- SIS is a input of the BIS

Machine Protection



Beam Interlock System (BIS)

A number of users or clients provide interlock signals (permits) to the BIS.

Users Systems

- Injection Kicker

-RF
- Vacuum System 3 8 Beam “Permit” signal Beam

- Beam Dump DSumtplng
System ’ ystem

\ J
< Software Intem’User “Permit” signals
System

\ /

- etc..

Transmit the result as:
-Dump Request
The Beam Interlock System has to: -Inhibit of injection Permit

Collect status or Perform a summation of -Inhibit of extraction Permit
default signals all signals -OK for beam




Beam Interlock Controller (BIC)

The central element of the Beam Interlock System (BIS) is the Beam Interlock Controller
(BIC). Each BIC acts as a local concentrator, collecting User Permit signals.

Permits may be TRUE or FALSE:
\

SPS Ring

@ crcensss
CIB.BA2.52

@ ceeasss

ceeasi*@

® cseassa

CiB.8A6.56 U

@ cesasss

BIS Loop

TRUE — No Interlock , Beam allowed

FALSE — Interlock present, Beam dumped 10

Beam Interlock System



Beam Interlock Controller (BIC ==

CIB.BA3.S3 - BIS Device Overview BononERes

Cycle View | Bl Expert View | CIBU Monitoring

o | S @IS | Logic

CIB.BA3.S3
SAFE BEAM FLAG
INPUT DISABLED MASKED MATRIX PERMIT A PERMIT B
o FALSE FALSE
Software Permit
FALSE FALSE
A o me no o me
18 . meE No o meE
2/ o meE N o meE
/ ACCESS Chain-1 9
e o me wo o me
3/A FALSE NO FALSE
Operators Buttons
3/8 FALSE NO FALSE
ain L me N C me
/ Standard Dump 0
e o me No o me
siA , o me No L me
GMT monitor
s/ L me NO o me
6/A FALSE s L
not used
e FaLSE o o me
7 L me L me
; WIC Mains NO
8 o me No o me
8/A L me f me
; SPS Eco NO NO
8B o meE No o meE
° L me L me
A scr MO NO
o o me No I
10 I T N L
v RF 9 No
o o wme no o me
11 O me No C me
Vacuum TT80 NO
118 o meE No o meE
124 L me No O me
! FGC State MB MQ NO
12 o meE ) L meE
13 L me No L me
J WIC Ring Line NO
138 T no o wme
J FGC State Sextupole NO
14 o me No o me

Any input can dump the beam through a signal sent to the BIC
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Software Interlock System (SIS)

e SIS monitors ~ 9500 logic inputs, states and settings covering the
SPS and its transfer lines for ~ 1045 devices.

e SIS acquires values, analyzes and converts into a logical state.
TRUE or FALSE

eThe SIS logical states are grouped into tree-like structures and
combined using logical operators.

AND or OR

0 TRUE : OK for beam operation.

O FALSE : one or more tests indicate an abnormal situation.

12



SIS

L SPS SIS GUI

Eile Operation |[* Unlatch all channels| Help

e B2

|E” < ” smassot ¥ ||

SIS GUI |

Filtering

Filtering Parameters
Pattern: | ‘

'Search: | ]

Extra Parameters

R - [[] Masked
[ Invalid

[ Latched
[ Invalid for beam

[ valid

Filtering Options

[[] Use RegExps [ Invert filtering [ ‘Flat* view
i Filter! “ Clear |
AV
Permits Tree

P [ORI FEI

P [OR1INJ1_LHC_SW_PERMIT

P [OR1INJ2_LHC_SW_PERMIT

P [OR] LHC_B1_TI2_SW_PERMIT

P [OR] LHC_B2_TI8_SW_PERMIT

P [OR] NORTH_PRIMARY_ION_ENERGY_LIMIT

P [OR] NORTH_PRIMARY_SURVEY

P [OR] NORTH_SECONDARY_LINE_PROTECTION

P [OR] NORTH_ZS_VOLTAGE_SURVEILLANCE

P [OR] PS_MULTI_BUNCHES

P [AND] PS_STATUS
¥ P [AND] SPS_ALARM

P [OR] SPS_FULL_ECO_AUTO

P [AND] SPS_MKP_PARTICLE_TYPE_PERMIT

P [AND] SPS_MKP_PERMIT

P [AND] SPS_MKP_SFT_PERMIT

P [OR1 SPS_PRIMARY_ION_PROTECTION

P [AND] SPS_RING_SW_PERMIT

P [OR] START_RAMP_INTERLOCK

P [AND] TT10

P [OR1 TT20

P [ORI TT40

P [OR] TT41_AWAKE

P [OR1 TT60

P [OR] TT66_HIRADMAT

P [OR]1 UCAP_INTENSITIES_START_CYCLE
3 P [AND] UCAP_INTENSITIES_START_RAMP

Tree-

#-g-g-g-g---------------8-8-8-8-8-8-8-8

ept [ 1]2) [Show]

Font size: -
Ll

: Channel Information

Properties \Analysis \ Oper;tions \

Permit

Logical

Operator

Logical

state

ike structure

Console | Running tasks ' Combined

[05:39:38 Token 1s still valid ((xfefime > T hour)

ki |

R I i 05:38:49 Connection with the Core reestablished

..

| The top of the tree corresponds to a

¥ P [AND] TT10
L [AND] BIC_INJ_INTLK

G- G- G- -

¥ L [AND] BLM_TT10

e e

L

| BLRING_MASK_PRESENCE TT10 A
| BLRING_MASK_PRESENCE_TT10 B

3 | BLRING_REPEATED FAULT TT10 A

| BLRING_REPEATED_FAULT TT10_B
[AND] BTV_TT10
[AND] POWER_CONVERTERS_TT10

[AND] POWER_CONVERTERS_TT10_NOT_USED

[AND] POWER_CONVERTERS_TT2
[AND] SEM_TT10

P [OR]l TT20

SOFTWARE PERMIT (SW_PERMIT)
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Used as diagnostic

Analysis

- P [AND] SPS RING SW PERMIT Properties " Analysis | Operations
- - - Analysis (SPS_RING_SW_PERMIT.BEAM_INSTRUMENTATION.BLM_LSS1 THRESHOLD_LIMIT)
i E}x L [AND] BEAM_INSTRUMENTATION o
' x i BLM_LSSI_THRESHOLD_LIMIT Events [10:32:40: Event on SPS.USER.MD1:SX.WECY-CT, counter=1, LATCHED

10:32:52: Event on SPS.USER.SFTPRO1:SX.WECY-CT, counter=0, FAILED on condition , LATCHED
10:33:03: Event on SPS.USER.MD1:SX.WECY-CT, counter=1, LATCHED

10:33:07: Event on SPS.USER.SFTPRO1:SX.WECY-CT, counter=0, FAILED on condition , LATCHED
10:33:18: Event on SPS.USER.MD1:SX.WECY-CT, counter=1, LATCHED

10:33:21: Event on SPS.USER.SFTPRO1:SX.WECY-CT, counter=0, FAILED on condition , LATCHED
10:33:32: Event on SPS.USER.MD1:SX.WECY-CT, counter=1, LATCHED

10:33:36: Event on SPS.USER.SFTPRO1:SX.WECY-CT, counter=0, FAILED on condition , LATCHED
10:33:46: Event on SPS.USER.MD1:SX.WECY-CT, counter=1, LATCHED

10:33:50: Event on SPS.USER.SFTPRO1:SX.WECY-CT, counter=0, FAILED on condition , LATCHED
Last errors in buffer:

10:33:21: Event on SPS.USER.SFTPRO1:SX.WECY-CT, counter=0, FAILED on condition , LATCHED
10:33:36: Event on SPS.USER.SFTPRO1:SX.WECY-CT, counter=0, FAILED on condition , LATCHED
10:33:50: Event on SPS.USER.SFTPRO1:SX.WECY-CT, counter=0, FAILED on condition , LATCHED

Acquisition Reference

BLRSPS LSS1 ACQ == <Click for value> |...| || |SISREF LSS1 BLM THRESHOLDS == <Click for value> || ...
rs3BeamDumpAllowedResume (boolean:1) -> true il e

signalSaturationThreshold_percent (float:1) -> 95.0 || received fro 1,LSS1/S1SBIm#maxThreshold -B Header
signalSaturationBeamDumpAllowedResume (boolean:1) -> (float[]:36) 1.6, 0.6, 0.6, 0.33, 0.4, Of4S, 0.7
rsOMaxLosses_gray (float[]:36) -> 0.0, 0.0, 0.0, 0.0, (¥

hardwareGainOk (boolean:1) -> true 7

rsOBeamLossThresholds_gray (float[]:36) -30.8101691,

rsSBeamDumpAllowedResume (boolean:1) -> true
rsBeamDumpAllowedOnAl1ChannelsAndAl1lRs (boolean:1) ->
interlockOk (boolean:1) -> true

Seaml) DA 0 slafs me D00

1) -> true

Dol I« I
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Mask

- Input Masking:

. Allows operators to ignore logical input
- Access privileges required

« Means evaluating always to TRUV P [AND] TT10
o . #- L [AND] BIC_INJ_INTLK
« Permit signals are not maskable - L [AND] BLM_TT10

= L [AND] BTV _TT10

» ¥ | [TT10 BTV 100123 ouT

: | TT10_BTV_100359_OUT

: ] TT10_BTV_101871_OUT

e | TT10_BTV_102454 OUT

- | TT10_BTV_102541_OUT

- | TT10_BTV_102642_0OUT

L ] TT10 BTV 102924 OUT
L [AND] POWER_CONVERTERS_TT10
L [AND] POWER_CONVERTERS_TT10_NOT_USED
L [AND] POWER_CONVERTERS TT2
L [AND] SEM_TT10

MASK

15
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Latch

- Input Latching:

« Situation that requires further investigation
« Must be manually unlatched
=3 P [AND] TT10
. ®- L [AND] BIC_IN)_INTLK
=-3 L [AND] BLM TT10
P b | BLRING_MASK _PRESENCE TT10 A
- | BLRING_MASK_PRESENCE TT10 B
LATCH > | BLRING REPEATED FAULT TT10 2
- | BLRING_REPEATED FAULT TT10 B
L [AND] BTV_TT10
L [AND] POWER_CONVERTERS TT10
L [AND] POWER_CONVERTERS TT10_NOT_USED
L [AND] POWER CONVERTERS TT2

- L [AND] SEM_TT10
|| # Unlatch all channelsﬂ '
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Configuration \(;

SIS is structured by geographical zone (transfer lines, extractions, ring,...)

O O

SPS-PAGE1 [Current user: MD1 0.00E--00 20-07-23 14:55:51
SC 1 (32BP, 3¢.4s) Last update: 2 seconds ago

————— T —

Beam to Fixed Beam to LHC
Target North Area a

SIS




Summary

- SIS is a crucial tool for every day operation.

- SIS offers strong flexibilty; changes can be made rapidly.

- The operations team carries out all changes related to the SIS.

- SIS complements the BIS, highlights configuration problems or minor issues.

One of the most powerful tools that guarantees
a safe machine for reliable physics

18



Acknowledgment

CEREHYNESSSTVFELE

Thank you for your attention

Mercl de votre attention

Special thanks to SPS team



