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Collimator BPM Interlock Concept

O Aim of the SIS interlock is to ensure that the beam position is always “well” centred in the
collimator BPMs: TCTs and TCSP.6.

— ‘Easier’ to implement than a HW interlock.

A For TCTs the criticality increases with lower *, therefore * is used by SIS key input
parameter to the interlock logic.
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Collimator BPM Implementation

Q Inputs to the interlock logic (by collimator):
— Collimator BPM readings,
— B* from the timing telegram,
— Energy from the timing telegram,

] — Table with B, as a function of p* from LSA (constructed using LSA optics information),
= tolerance in sigma as function of * and emittance ¢ (= 3.5 um by default).

5

. QO Basic interlock logic:

0 — Calculate beam size @ collimator : 6., =\ (B (B*) € m,/ E)

% — Normalize the BPM position u by ., = Ulo

§ « Assumes of course the nominal position is ‘0’.

o — Verify if ulo,,, is within tolerance.

m .

3 — Interlock (dump) logic:

n

%)  If redundant read out (= 4 BPM readings) interlock raised if at least 2 readings out of tol.

 If non-redundant read out (= 2 BPM readings) interlock raised if at least 1 reading out of tol.
 Dump if interlock occurs in 5 consecutive updates (= 10 seconds).
60 seconds grace period for absence of data, if longer : dump.
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Collimator BPM Implementation (2)

O The logic does not involve the energy as primary ‘variable’, energy dependent
thresholds (injection vs FT) must use the dependence of * on the energy of the CRS.

— IR6 + IR7 collimator BPM settings are associated to the IP5 B* (even if the collimator (3 is
constant) to provide room for energy and * dependent thresholds.

a So far this concept works for all configurations except for non-OP configurations like
ballistic optics where it is not needed.

— Nor does it work for IP2 since there is only one * value at the IP, although one could use a
trick and associate it to IP1 to obtain a better settings granularity.
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Collimator BPM SIS settings

O The settings are stored in virtual device/property: SisColIBpmSettings/SisSetting
— Critical settings, role MCS-LHC-SIS-EXPERT.

O There are separate settings for each hypercycle (resp. configuration type), stored in the
LHC SIS Ramp settings BP.

— LHC user: LHC.USER.SIS-RAMP, standard BP name: LHC-SIS-REF-LSA-RAMP-BP-NAME
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Source

Beamiprpcess

I Parameter Group

BetaStarLevelling-6.8TeV-60cm-30cm_V1@337_[END]
Coll_LossMaps_2021
(CollimatorBP-CoarseRamp-6.8TeV-2022
CollimatorBP-CoarseRamp-6.8TeV-2022@0_[START]
CollimatorBP-CoarseRamp-6.8TeV-2022@1275 [END]_ForSqueeze
DISCRETE_LHCRING_ADTDSPU_BW_ENHANCED
DISCRETE_LHCRING ADTDSPU_BW_STANDARD
DISCRETE_LHCRING_ADT_INJECTION
DISCRETE_LHCRING_IN)_KICKER_EXTEND
DISCRETE_LHCRING_INJ_KICKER_INTRM
InjectionProtection_BP_2014@0_[START]
LHC-SIS-REF-INJ-6.8TeV-ATS-1.3m_V1
LHC-SIS-REF-RAMP-SQUEEZE-6.8TeV-ATS-1.3m V1
LHC-SIS-REF-SQUEEZE-6.8TeV-60cm-30cm_V1
PGCs_2021

PPGCs_2021@0_[START]

PGCs_2021_neg(ARC)

4 ]

PHYSICS-6.5TeV-30cm-120s-2018 V1@120_[END]_BetaStarL evelling_2!

[»[]

i

Z

Uil OPERATIONAL

IP_SEPARATION
IP_SPECTROMETER
LANDAU DAMPING
LHC SIS-REF
LHCINJKICKERS
LUMI-ANGLE
LUMI-SCAN
MATCHING QUADRUPOLE
MOMENTUM

OFB

OLD_IP_KNOBS
ORBIT-BUMPS-KMOD
ORBIT-BUMPS-MD
ORBIT-BUMPS-OP
ORBIT-H

(ORBIT-TRIPL ET

L N ___Parameter Type 1 Parameter
LumiScanLimits/BeamParameters SIS.TCSP.A4L6.B2/SisSetting ]
LumiScanLimits/ContinuousCrossingAngleLevell| |SIS.TCSP.A4R6.B1/SisSetting

LumiScanLimits/CrossingAngleLimits
LumiScanLimits/OffsetLevellingSign
LumiScanLimits/ScanRange
PCINT.COD/PcinterlockRef

|| |sisBPM/SisBpmRefPpm

SisBetaStarSetting/Setting

|| |SisBetaStarTable/BetaStarTable

4

SisCollBpmSettings/SisSetting
SisPC/SISPcRefPpm
SisTLBetaStar/OpticsRef

SIS.TCSPM.6L7.B2/SisSetting
SIS.TCSPM.6R7.B1/SisSetting
SIS.TCSPM.B4L7.B1/SisSetting
SIS.TCSPM.B4R7.B2/SisSetting
SIS.TCSPM.E5L7.B2/SisSetting
SIS.TCSPM.E5R7.B1/SisSetting
SIS.TCTPH.4L1.B1/SisSetting
SIS.TCTPH.4L2.B1/SisSetting
SIS.TCTPH.4L5.B1/SisSetting
SIS.TCTPH.4L8.B1/SisSetting
SIS.TCTPH.4R1.B2/SisSetting
SIS.TCTPH.4R2.B2/SisSetting

Select All

<] i [ T»

Select All

Select All

Fields

Y

Hierarchy _‘
(1/30)‘

Parameter filters: none

Setting Part: | ® Value O Target O Correction

Trim History

| [] Transpose table

Add delta

Table/Function

PARAMETER

LHC-SIS-REF-RAMP-SQUEEZE-6.8TeV-ATS-1.3m_V1

1|SIS. TCTPH. 4L5.B1/SisSetting#betaCollimator [2517.0, 2323.7, 2127.6, 1962.2, 1820.7, 1679.4, 1558.6, 1454.1, 1350.6, 1261.0, 1194.4, 1035.8, 881.2, 747.5, 632.5, 519.4, 407.6, 336.8, 282.4, 246.2, 217.3, 197.4, 180.4, 169.0, 162.7, 161.3, 161.3, 1¢

|ISIS. TCTPH. 4L5.B1/SisSetting#betaStar

0.3, 0.325, 0.355, 0.385, 0.415, 0.45, 0.485, 0.52, 0.56, 0.6, 0.71, 0.89, 1.04, 1.18, 1.33, 1.55, 2.0, 2.5, 3.1, 3.7, 4.4, 5.1, 6.0, 7.0, 8.1, 8.8, 9.3, 9.7, 10.0, 11.0

SIS.TCTPH.4L5.B1/SisSetting#emittance 3.5

||SIS. TCTPH. 4L5.B1/SisSetting#ip S5

: SIS.TCTPH.4L5.B1/SisSetting#tolSigma

4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0
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Collimator BPM SIS settings (2)

dependent thresholds.

O Example of the IR7 TCP associated to IP 5 3* to provide flexibility for energy and (*

Source

Beam Process

Parameter Group

- Parameter Type

|| Parameter

BetaStarLevelling-6.8TeV- Sﬂcm 30:m V1@33? [END]
Coll LossMaps_2021
CollimatorBP-CoarseRamp-6.8TeV-2022
Cnll|matanP-Enarseﬁamp-6 8TeV-2022@0_ [START]
CollimatorBP-CoarseRamp-6.8TeV-2022@1275_ [END]_ForSqueeze
DISCRETE_LHCRING ADTBSPU BW ENHJ\NCEB
DISCRETE_LHCRING ADTDSPU BW ET&ND&HD
DISCHETE LHCRING ADT INJECTIUN

DISCRETE LHERING _INJ_| K]CI(ER EXTEND

DISCR.ETE LHCRING_IN]J_| K]{KER INTRM
InjectionProtection_BP_2014@0_[START]
LHC-5IS-REF-INJ-6.8TeV-ATS-1.3m Vl
LHC-515-REF-RAMP-5QUEEZE-6.8TeV-AT5-1.3m V1
LHC-515-REF -5 QUEE ZE-6. 8TeV-60cm-30cm V1
PGCs_2021

PGCs_2021@0_[STARTI

PGCs_2021_neg(ARC)

L]

PHYSICS-6.5TeV-30cm-120s-2018 V1@120 [END] BetastarLevelling :

IP_SEPARATION
IP_SPECTROMETER
LANDAU DAMPING

LHC SIS-REF
LHCINJKICKERS
LUMI-ANGLE

LUMI-SCAN

MATCHING QUADRUPOLE
MOMENTUM

OFB

OLD_IP_KNOBS
ORBIT-BUMP$-KMOD
ORBIT-BUMPS-MD
ORBIT-BUMPS-0P
ORBIT-H

ORRIT-TRIPL ET

| »

q
-

LumiScanLimits/BeamParameters
LumiScanLimits/ContinuousCrossingAngleLevell
LumiScanLimits/CrossingAngleLimits
LumiScanLimits/OffsetLevellingSign
LumiScanLimits/ScanRange
PCINT.COD/PcinterlockRef

|| |sisBPM/SisBpmRefPpm

SisBetaStarSetting/Setting

|| |SisBetaStarTable/BetaStarTable

SisCollBpmSettings/SisSetting
SisPC/SISPcRefPpm
SisTLBetaStar/OpticsRef

SIS.TCP.C6L7.B1/SisSetting

SIS.TCP.C6R7.B2/5isSetting
SIS.TCP.D6L7.B1/SisSetting
SIS.TCP.DBR7.B2/SisSetting
SIS.TCSG.D4L7.B1/SisSetting
S1S.TCSG.DAR7.B2/SisSetting
SIS.TCSP.A4L6.B2/SisSetting
SIS.TCSP.A4R6.B1/SisSetting
SIS.TCSPM.6L7.B2/SisSetting
515.TCSPM.6R7.B1/SisSetting
SIS.TCSPM.BAL7.B1/SisSetting
SIS.TCSPM.BAR7.B2/SisSetting
SIS.TCSPM.ESL7.B2/SisSetting
SIS.TCSPM.ESR7.B1/SisSetting

{

Select All

Il [ [»

Fields

Select All

Select All

Hierarchy

U0 OPERATIONAL

e T

Parameter filters: none

1

’ Setting Part: | ® Value (O Target ( Correction |

Trim History

[ ] Transpose table

Add delta

Table/Function

PARAMETER

LHC-S15-REF-RAMP-SQUEEZE-6.8TeV-ATS-1.3m_V1

SIS.TCP.CBL7.B1/SisSetting#betaColimator  |140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9, 140.9,

140.9, 140.9, 140.9, 140

SIS.TCP.C6L7.B1/SisSetting#betaStar

0.3, 0.325, 0.355, 0.385, 0.415, 0.45, 0.485, 0.52, 0.56, 0.6, 0.71, 0.89, 1.04, 1.18, 1.33, 1.55, 2.0, 2.5, 3.1, 3.7, 4.4, 5.1, 6.0, 7.0, 8.1, 8.8, 9.3, 9.7, 10.0, 11.0

5IS.TCP.CEL7.Bl/SisSetting#emittance e

SIS.TCP.CGLY.B1/SisSetting#ip 5

5IS.TCP.CBL7.B1/SisSetting#tolSigma

4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0, 4.0




Run 2 settings

Q In Run 2:
— The tolerance were set to 1 sigma for IR1 and IR5 TCTs @ 30-40 cm, progressively tightened
from 4 sigma in the squeeze.
* 1sigma~ 0.7-1 mm.
— The tolerance was setto 2.5 sigma for IR8 TCTs @ 3 m.
— The tolerance was set to 4 sigma for IR2 TCTs.

— The tolerance for the IR6 TCSPs was set to 1.5 sigma all along the cycle.
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SIS interlock tree

i i = P [AND] RING_B1_
O Collimator BPM interlocks are part of the T i e i
R|NG_B]_(2)_PERM|T trees. B L [OR] RING_B1_SBF_MASKED I
Q The interlocks are AUTOMATICALLY masked E} : [BAFI:I:;I;I?\I‘:;F_TSI_SBF_CONDITIONED
when SBFE = true. = | COD_COMMUNICATION_B1

----- | COD _FIELD INTEGRAL Bl
..... | COD _TRIP Bl
=- L [AND] COLLBPM B1
jce | COLLBPM 6R7 H B1_INTOL
----- ] COLLBPM A4L1 H B1_INTOL
..... | COLLBPM A4L1 V Bl INTOL
----- | COLLBPM A4L2 H B1 INTOL
| COLLBPM A4L2 V Bl INTOL
----- ] COLLBPM A4L5 H B1_INTOL
----- | COLLBPM A4L5 V Bl INTOL
----- | COLLBPM A4L8 H B1 INTOL
------ | COLLBPM A4L8 V Bl INTOL
..... ] COLLBPM A4R6 H B1_INTOL
- | COLLBPM B4L7 H B1_INTOL
fo | COLLBPM C6L7 H B1 INTOL
| COLLBPM D4L7 V B1 INTOL
----- ] COLLBPM D6L7 V B1 INTOL
------ | COLLBPM E5R7_S_B1_INTOL
[OR] FB_MASK_CHECK B1
[AND] LBDS_PC_SURVEY Bl
[OR] ORBIT_B1
[AND] PC_INTERLOCK B1
[OR] REF_ORBIT_CHECK

OR-ed with SBF=true (BEAM1_SAFE)
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Some time In the future

O When things calm down again, one could consider to move the SIS interlock processing
logic into a UCAP NODE.

— NODE publishes results and values used in the logic (Ok/notOk, beam size, beta*, tolerance,
normalized readings...).

— Logic results could be used by SIS to act.
— Full published data could be logged in nxcals to improve the diagnostics.
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