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Abstract
The beam interlock systemn for Linacd and its transfer lines to the FSE will be based on
a mixed systemn comprising hardware interlocks provided via the BIS (Beam Interlock
System), software interlocks based on the SIS (Software Interlock System) and the
concept of External Conditions used currently in the PS complex. This document
summarises the beam interlock specifications to safely operate Linacd, the Linacd-to-
F5B transfer lines and the PSB with Linac4 injection.
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Initial objectives

By reusing the BIS solution
1 Same Hw:
 Fast, Safe, Reliable
- Standardised interface (CIBU)

- Proven solution  HEE—)

o Cost-effef:tlv§ - 380ﬁ connected systems
) Same Monitoring Sw: \_ J

« Unique application in CCC
« 100% Online test coverage
1 Operational flexibility
= Software Interlock Inputs
= External Condition signals used as User_Permits
= Masking available on half of input channels

f 6 machines/zones \

nﬁ | Controllers
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Layout of Linac4, Transfer Lines & PS Booster
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Interlocking Architecture for Linac4 and Transfer lines

Linac 2 _.,-/

i LTB
to RF Booster Linac 3

line
|L4 Systems| ; cigy units)
Source RF Choppers SIS l (10)
Master Master lW/ |_4'|', LT & LTB
BIC BIC systems LBE /LBS
systems |2 x4)
11y SIS
SIS LBE
Low Energy SIS Slave Injection
part systems BIC systems [(9)
LBS Slave = SIS ;
(4) BIC ‘W
AQN magnet PSB SIS
currents Inj.
BIC
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Reminder: Interlocking Architecture for SPS Extraction line (beam-2)

TED LHCb 5 operational modes are interlocked:
Beam to TT40/60 TED
(setting up of the SPS extractions)

Beam onto downstream TL TEDs
(setting up of the transfer lines)

Low intensity beam into the LHC
(setting up of the LHC injections, etc)

High intensity beam into the LHC
(filling the LHC)

Beam to CNGS

for LSS4/TT40/TT41/CNGS/TI 8 only).

CNGS

Gran Sasso

Extraction
Kicker

TT40
systems

YV V Vv VY V

SMP TT41
flags systems
SIS 4 - .
TEDs Ti8up Ti8down
position TT41 SRS systems IND
Slave SIS
BIcH \_Y; N o systems
Ti8up
Slave SIS ;
BIC
INJ-2
BICs

= Sectorization to minimize “Xtalk” between LHC and CNGS, and allow flexible operation & setup.
= Each sector / zone controlled by one (or more) dedicated BIC.
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“Source RF” Master BIC

4 e@
H- él 0??
Source ™ DL coptL  piMs. Linac4
K oo PR B @ dump
IR
]
ITne =

TRUTH TABLE

SIS
Source HV
Pre-chopper
L4 Beam Stoppers ‘Out/Moving’
L4 Beam Stoppers ‘in’
Chopper
L4 Low-Energy Watchdog
Operator Switch
L4 Low-Energy Vacuum Valves
AQN L4L.MQF3910
AQN L4L.MQD4010
AON L4L.MQF4110
Beam Permit for H Source

2 cases:

a) Beam Stopper is in the “Out of beam position”
or “Moving” (15t column)

=Beam_Permit given if all other interlock conditions
are fulfilled.

Source RF
Master
BIC

olN|~N|lo|lo|lr|lw]|d]|r]|O

b) Beam Stopper is in “IN Position” (2"¢ column).
The source should still continue pulsing
(maintain source current stability)

Independently of the other interlock conditions except for the
Beam Permit signal provided to source high voltage itself.
2 Target systems: RF Control &

Pre-Chopper

=
o

[
=

A=A |=]=]=]=
o] B P P P R e Rl R Bl

I
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“Choppers” Master BIC

, e 2 9 .
H- QQ@ QQ?/ T T Linac4 Disabl® na RF
() |—m m - S\g B t
& S dump Timing ooster
Source ¥ |EBT RFQ © DTL CCDTL PIMS == = T
== mmnl =
=0 < By5 LTB.
Linac 2 N <30 BHZ40 \_BEd] :
® ~ Bl line
LTB = - |
to RF Booster line LBS
TRUTH TABLE W) || (5) Beam to-
Choppers 0 S-IS T(T|T|T[T| 2=
Master 1 | Linac4 OK (Slave BIC) T[] 7] (1) Linac4 dump
BIC 2 [AQN LAT.MBH DUMP | T | F|F|F|F| (2) LBE line
s | L4Z line OK TUx|X|x|X]| (3)LBSline
! t\ﬂ\' L4Tf-""'(3)';'(-{;TI ) FITITITIT] (4) PS Booster
. . 5 ransrer ave XTI T|T|T
Beam_Permit given to 3 ; 5) PS
- J Target systems: | =ToN ira.arzao tBE [ x [T F | F L]
1) action on Pre-chopper 7 | LBE OK (Slave BIC) x| T x| x| x
2) For redundancy, action on Chopper ’ | AQN LTB.BHZ40_LBS XJFPITIX|X
9 | LBS OK (Slave BIC) X | X|T|Xx]|X
(also deviate beam to chopper dump at 3 MeV) 10 | AQN LTB.BHZ40 PSB X|FIF|TI|T
3) PSB RF is disabled 11 | PSB Injection OK (Slave)| X | X | X | T | T
. 12 | PSB OK (Slave BIC) X| x| x|[T|T
(in case some beam still reaches the PSB) 13 | Destination PS X1 XX ]| x1T
I 14 | PS OK (Slave BIC x | x [ x[x]|T
— Beam Permit [ T [ T|T|[T| T
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Final layout
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User Systems connected to BIS (L4 & Transfer lines)

currents

Source-RF | Choppers Linac4 [Transfer Line LBE LBS
User Systems Master Master Slave Slave Slave Slave
BIC BIC BIC BIC BIC BIC
Software Interlock ) °® o [ [ [
Beam Loss Mon. o0 o0 [ X ) o0
“Watch Dog” (i.e. BCT) ) o0 o0
Vacuum [ ) ) ) [ o
Beam Stopper (X ) o
AQN (magnet’s current) 000 00000 000
Dump () [ ) [ )
RF o
Source HV )
Pre-Choppers )
Choppers )
Operator Switch )
Ext Conditions [
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Two different Beam_Permits given to 5 Target systems

- isable RF
Linac4 Disa% nal
DTL CCDTL PIMS dump 1iming SI9"ZA Booster
TR AT s "~ =

8- {r
Linac 2 ling % = \—BE d—| Bl line
Linac 3 LTB qj
to RF Booster line LBs

Beam_Permit from “Source-RF” BIC given to 2 Target systems:
1) Action on the Source RF in order to switch off the RF voltage

Choppers
Master
BIC

Source RF
Master

- 2) For redundancy, action on the Pre-chopper in order to deflect the

T S|IS beam at 45 keV
SIS
Low Energy
partsystems Beam_Permit from “Choppers” BIC given to 3 Target systems:
(4 1) Action on Pre-chopper
AQN magnet _
currents 2) For redundancy, action on Chopper

(also deviate beam to chopper dump at 3 MeV)
3) PSB RF is disabled

(in case some beam still reaches the PSB )
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Reminder on BIS Interfaces

User Beam Interlock Redundant
PO IS e COpPET Controller Beam
User System " #1 cables (VME chassis) Permits
#1 P - C
P e .
User System  m) : ~ g Cupper
#2 L Lo i : : or
b = » Target
| . : 3
@ ,I a2 Optical system
| .
| ,' ’ links
o o > front J
A y
\ )
User#Slyé/lstem — 14 Differential signals
User Interfaces (RS-485 standard) Beam_Permits available
provided as: on:

LHC case* | Frequency signals | Fiber
( A=9.375Mhz, Optics
B=8.375Mhz) links

Simplified solution LINAC4 Flag signals Cupper
for the Injectors (RS-485 standard) | cables

* and also for SPS, Extractions lines and Injection BIS
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Beam_Permit signals: Differential Transmission details /)

» Conversion Single-ended = Differential = Single-ended
» Redundant signal permit A & B
» Separation Critical/Monitoring signals

[ I
P, itA+ | VOC AN
Permit A < e N .'_\ i Permn_ﬁ
——l '|} S PermitA- : ]> .3
...1_1 —
VX |
l; Mon Permit A + | ;
< Monitor A - AL T R <7 N
ot i M Arniine Eanilt A 5 1 = Mon Pemit A - | ; .
Pt Monitor Fault A /N 3 : l’ S IEE——
Pemit B + ) Iy SRLY Y — vae J—
Permit B P T | 1 =T ) Permit_B
oo s $ PemitB - T -
——=
VX '
J; Mon Permit B + l
> __ | Monitor B 3 ‘___..--""“ :E; : . e 1) ' = :‘;.---"'J Monitor B
2 | Monitor Fault B >l 3 Mon Permit B - | ) N A
1!
Beam Interlock System PO .- SO Target System
hielded twisted pair =
(CIBIT) copper cable (CIBIR or equivalent)

Thanks to Monitoring part, one can check that :

» Target system board is powered
» Cable is connected to the target system
» Beam_Permit signals are correctly transmitted (& read back)

» (if needed) Logic for the monitoring signal can be more elaborated
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Beam_Permit signals: Differential Transmission details @)

[ .
Permit A + ' VEC W

Eemi & n- Parmi A

B _.L,Dé % el _j_; ) J> ormi A |
VX |
I o e AON POTMIL A 4 i
» ‘M:" oL A - ,c :(: Mon Pemit A - 1 :
PoRrE Monitor Fauit A /™ A . : l' -
Permit B + I (U%H —

Permit B R ] B [ Permit_B

.___,L.[X § —— _:_:_ j> 'I ermit_ -
o I- Mon Permit B + 2 _:_: . | 9

Monitor B s -V ‘; ) i > _Monitar B

: _,,._._‘GL",'“"“' Fault B ; "‘-»,__Q. :1) Mon Permit B - | i o y }
|
Beam Interlock System e r'{;vs_ec " Target System
copper cable or equivalen
CIBIT CIBIR lent
VME card: CIBIR = Mezzanine cards (5 x 3 cm):
= Single ended

» Differential to single ended conversion
to differential conversion _ _
( » Fail safe operation [MAX3440]

= 4 independent output » 2 cards required for redundancy
- * Provided by MPE/EP section.

channels

= Fail safe operation
[on-board MAX3440 chip]
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Beam_ Permit signals to L4 Target Systems

CIBIT board installed CIBIR mezzanine boards
in BIC crate (or equivalent)

H '

: = SR e : o8

: : Permit_B/1 _ RF ' i Permit_B/ _ Pre-Chopper
: = > " Control| ! — >

. L] L] L]

. [] L] L]

H H ' \

! | Redundant |PermitA L Permit A/2 > fom ' [ Redundant |PemMiLA & Permit A/2 -

: Matrices ) ! Permit_BJ2 > Pre-Chopper ' Matrices ) : Permit_B/Z Chopper
: (safety part) Permil_B Bl . F ; (safety part) Permit.B B

H » H ' 4 '

. [] L] L]

. B Permit_A/3 Target . H Permit_A/3

: » : RS485 ~ ol

: « Source RF » RS465 :i Patmit Bra » System E « Choppers » | transmiter :E Périmit B3 RF Booster
i Master BIC | Traneminer | | 7 i MasterBIC | cuwd |

(] [} L] L] ey

i {CIBIT) _-:l Permit_A/4 » Target i :t Permit_A/4 »i Target

' ot BETmIt B »! System : :: Permil BlA ». System

. . #4 ' o T #4

. g Mon. A/t H . Mon. A H

H = Mon. B/1 H H e Mon. B/1 H

i Man. A/2 ' ' Mon. A2 '

: o Ao e — H ' Ao e — H

: Monitoring Maon, AJ3 ' ' Monitoring Mon, A3 !

' part = Mon. B/3 H ' part - Mon. B/3 .

' g Mon. A4 h H Mon. Al4 H

H i Mon. B/4 H H = Mon. B/4 H

. L] L] L]

RF
Booster

Choppers
Master

Source RF
Master
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Beam_Permit signals: Technical Note

P R
L TE-MPE Note-12-xx
| - }E?M}E}EQ--" )
CERN TE DEPARTMENT - EDNE Docamant o i
CH-1211 Geneva 23 1235601

Switzerland

Date: 2012-08-14
"\

TECHNI

BEA MIT INTERFACE

FOR THE l;NAC4, TRANSFERT LINE
AND PS BOOSTER

Abstract

Thiz notz dzseribes the zlectrical interface for the Beam Permits signals supplizsd of ths
beam intarlock svstam (BIS) to the Linac4 Booster targat svwstems. The binary information is
providad as differentisls sisnals over copper cables. Contrary to the LHC, whers ths
information is deliversd as Fresgusncy signals over optical links, the requirsd intsrfacs is
hers simpler. This nots dstails its implementation and proposss the two options to safelv
rzczive the Beam Permits signals.

Prepared by:
C. Martin

B.Puccio
B.Todd
{TE/MPE)
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/ nr H

I |Task Name 2013 2014 2015 2016 20
JIFIM[ATM[JJTATSTOINID [JTF[M[ATMIJTJTATSTOINID[JTFIMIATM[JTJTATS[OINIDJ

! |Commissioning on Test Stand ? 9
2 RFQ commissioning (test stand)

2 H- source commissioning (test stand) ﬂ=
+ 3 MeV beam measurements (test ] - - -

stand)
5 |Commissioning Linac4

g Preparation and testing DTL/CCDTL
7 H- source commissioning (Linac4)
g HW commissioning 3 MeV &=
¢ RFQ and chopper line installation in
Linac4
o 3 MeV beam measurements (Linac4) E

i HW commissioning 50 MeV
12 DTL1 installation and commissioning

2 DTLZ2/3 installation and
commissioning
14 New ion source installation

= HW commissioning 160 MeV

16 CCDTL installation and
commissioning

i Installation and alignment transfer line (==
13 PIMS installation and commissioning

1@ Linac4 ready for proton operation & o003
20 |Beam tests, reliability run § v
21 160 MeV beam tests i

2 Reliability run

23 | Linac4 ready for H- operation &

’ CCDTL ‘ ’ DTL chopper line

Version12/07/2012




Status of the deployment

BIS for 3MeV Test Stand fully installed and almost ready for commissioning

For additional and internal tests: a dedicated BIC will be deployed in the Booster

during next TS
Material specific to Linac4 deployment (VME crates, BIC boards, CIBU units) ordered

Monitoring Software and JAVA Application already available
*  Adaptation to fast cycling machine and specific screens are on going
(will be tested with “Test BIC” and with the BICs in 3MeV Test Stand)
Most* of the cables have been ordered

* (*)insome cases,, the rack numbers have been unfortunately not provided
by the User_System responsible.
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BIS in the 3MeV Test Stand

re-arm
via SW
User_Permits from .
sis =
| IN_Beam #
L
OUT_Beam "
Lour_ I I'RF Source’

|Beam Stopper_OK::b' (Master)

)

| Source HT —

| Control Room I|:D'

Beam_Permit :

BIC

DUT_BEAM

> control I_V

Source RF I_n (R

Source

M_BEAM

‘ 0K
Permit from LEBT BIC > LEBT
I 2 Beam_Permit - Beam
t 2| Stopper Beam
control Stepper
User_Permits from ;
s;s | — \ /‘ X .
RFQ
| Doors contacts ||::
| RadMon #\‘"}.\
| Vacuum ||=:\}\ MEBT
| RF_ON ,'=:
") maskable
| RFQ Watchdog ::", input
Manual .
re-arm Connections not
by Operator

BIS layout for
the 3MeV Test Stand

present in Linac4

BIS rack
View of -

the Test Stand

“RF Source” BIC “LEBT” BIC
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3MeV Test Stand: BIS Application

Linac 4 BIS

User_Permits from :
Sis

Sean Slonpet 08 S(T\/Lll;:tee':)l: Beam_Permit 3 ISource RF T
S —— HH Source
Beam Stopper IN o — control r"V
= BIC g CIBX.152.LMN4.RF
Beam Stopper OUT ol T
IN_BEAM T '
Source HT OUT_BEAM {
Permitfrom B » . : 3 N
Sbdisd I 2 eam_Permit eam F
LEBT BIC - Stopper cesd Beam .‘.
control Stopper
User_Permits from : :
SIS \ TN
YURrFQ
| Access # AR
|Rad,Mon.# LEBT
| Vacuum # BIC MEBT s
| RF struct. # 111 > 'O
‘Maskable e
RFQ input
— Manual CIBEM.152.LN4.LEBT

. re-arm

by Operator B.P. 17 Nov. 2010

‘ RoedBedarRarmit
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BIS Application: inputs view for “Source-RF” BIC

CIBX overview : CIBX.152.LN4.RF
VIEWS COMMANDS

SAFE BEAM FLAG -

INPUT DISABLED MATRIX PERMIT

SOFTWARE INPUT e e

1 |LEBT_BIC

2 |Source_Inhibit

3 Beam-Stopper_Ok
4 |Beam-Stopper_IM
5 Beam-Stopper_OUT

b |Source-HT

.- 8
- I -
- I -
- I -
e -
-
-

¥ |Motused - -
8 |Motused - -
9 |Mot used - -
10 |Mot used - -
11 Mot used - -
12 |Mot used - -
13 Mot used - -
14 |Mot used - -

Switch to Detailed wiew ‘




BIS Application: the cycles view

= Same cycle user panel for one or multiple BICs,

» Information on masked/disabled/OK/NOK inputs,

=  Future functionalities: filter, pause, and charts:

— Signal evolution around injection and extraction

e From W10 to AMC timing events!

Last acquired user cycle :

{2 Test _0Ox
Channel Mapping

| CHO : CIBX.152.LN4.RF OUT | CH1: CIBM.152.LN4.LEET OUT |

Time User cycle CHO EH1L

25/07/12 10:37:54.463000 ISOGPS O TR O o o
25/07/12 10:37:49.456000 AD O NN O T o
25/07/12 10:37:44.451000 TOF O RN O PR O
25/07/12 10:37:39.444000 TOF O RN © TR o
25/07/12 10:37:34.440000 AD O TR © D" o
25/07/12 10:37:29.437000 ISOGPS O TR O SR o
25/07/12 10:37:24.432000 SFTPRO O T O oK O
25/07/12 10:37:19.428000 SFTPRO O |NEFORIN O R o
25/07/12 10:37:14.423000 TOF O FETHORIY © eToRm e
25/07/12 10:37:09.419000 ISOGPS O NN O oo 0
25/07/12 10:27:04.415000 ZERO O MoK O N 0
25/07/12 10:26:59.409000 ISOGPS O |NEEORIIN © NoToR 0
25/07/12 10:36:54.234000 AD O RN O TR o
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Final layout

e Connected systems

= User Systems
= Target Systems

Current status:
Preparation phases, 3MeV Test Stand, Prototype for PSB injection...

e Qutstanding issues

e Summing up
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Outstanding issues?

We have to clarify or to pay attention to the following points:

Cables:
=  EN/EL has defined priorities for LS1 => missing cables will be not installed in 20137

BLM connections:

=  forthe Linac4 and TL zones, 8 different signals are expected but only 2 can be
provided by the BLM crate. Discussions with BLM team are on going to find a
solution.

AQN connections (i.e. Power Converters Interface for current measurements):
=  Proposal made in Nov’'11 promising but still no Eng. specification
= A prototype would have been helpful for the “Test BIC”
Signals from Dumps:
=  Implementation details not known; EDMS specification expected
Software Interlocks
=  Who will manage them? BE/OP?

Machine Commissioning (see next slide)
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Commissioning phases

= BIS layout has been defined for a complete Linac4 installation but:

"  For each step of the commissioning phases, a different part of the BIS
shall be (safely) “masked”

=  The User_systems (like RF) have also to adapt their User_Permit signals
to the commissioning progression.

=  Some elements will be only present during commissioning phases (like
emittance measurement line); some others (BLM) will be ineffective at 3
MeV...
The above constraints have to be discussed and later on have to

clearly described in a dedicated specification.

The end date of L4 commissioning is mid-2105. It will be followed a long
reliability run in 2016. But Linac4 will also back-up solution in case of problems
with Linac2 in the period between the two long shut-downs

=> impact on BIS has to be also studied.
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® BIS solution (Hw & Sw) re-used for interlocking Linac4, Transfer Lines and Booster
e Simplified solution to interface the Beam_Permit signals
® BIS ready for 3MeV Test Stand commissioning
*  Additional “Test BIC” will be installed in Booster
e Possible issue for new cables

® Some points have to be clarified with some User_Systems (BLM, Power-Converters,

Dump)

e New version of Engineering specification will go soon to “Check procedure”

e Commissioning steps and their impact on BIS have to be detailed in a dedicated

document
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Fin

Thank you for your attention



mailto:bruno.puccio@cern.ch

Spare slides
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Interlocking of the Booster Ejection line

GPS
target
PS BTY.BHZ301
Booster |;:g51-10 HRS
BTY.BVT101 target
| {BT\(\“\G

chlol1]| 23|45 |67 |8]9[10]11]12]13]14] cur

™ PSB = AHEE

dump 5 Eggmngﬁ.@%%ﬁé

1 AEHEB L E

Sl SE2 B (2 (R(EI2|2]F|F) 8
zl@|sle|e g'aa,_-n—ﬂqq§§~~~ =
HE = R R EEEEE
5| |E|2|E|882|z |=2|a|a|E|E g
El (|8 g °FeC z|z|z|m|® i)
EJECTION PS éﬁn o < 2|2|z|=z o
Master << | < =
BIC 11 fofofol 1ol s x[1{o]x]x]x]1
1ot ]ojo[ 1o [T [1]o]o][ 1]« =] 1
1{o[o o[ 1o [t[o[1][o[1]x]x=] 1
SIS 1]J0f0Jo 1] 0] 1 x]x]|=x]x]x=x]|x]x|x] 1
row#1l: Beam to Dump
row#2: Beam to GPS
N\ row#3: Beam to HRS
AQN magnet [Destlnatlon} foWH4: Beam to PS
currents Telegrams

Beam_Permit given to only one Target system:
The planned action is to disable the extraction kickers

édrawing not to scale
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Low Energy f
partsystems]

PSB Injection PSB
User Systems Slave BIC Slave BIC
Software Interlock ® o
RF (]
Beam Loss Monitors 00000
“Watch Dog” (i.e. BCT) [ X )
Vacuum )
Beam Stopper ()
BCM ® (H°/H)
Power Converter oo eeo
status BIL.SMV & MPS, BE.BSW,
BI.BSW & BE.SMH
(Y )
Pulse Magnets Distributor,
BI.KSW
Injection Foil Status )
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