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MPP and Doc on crab interlocks for SPS
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9 Dec 2016: Foreseen interlocks for the operation of crab cavities in SPS
29 Sep 2017: Final plan for interlocking of crab cavities in SPS

EDMS 1843638: Interlocks for the HL-LHC Crab-cavity test stand in SPS,
L.Arnaudon, G.Vandoni

Approved! R.Calaga, K.Cornelis, T.Otto, D.Wollman, 13/3/2018

EDMS 1921540:  DSO tests report, released 8 May 2018

R.Calaga, RF Overview of crab Cavities for HL-LHC and 
potential failure modes

Electron lens 
review 2016, indico

https://indico.cern.ch/event/592338/
https://indico.cern.ch/event/669099/
https://edms.cern.ch/document/1843638/1.0
https://edms.cern.ch/document/1921540/2018.01
https://indico.cern.ch/event/567839/contributions/2295327/attachments/1349381/2037297/Elens_CrabTalks.pdf
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Cryogenic distribution line

RF power waveguides

Test stand architecture – tunnel
Cryogenic distribution line

Crab-cavity  
cryomodule

Y-chamber

RF power transmission lines

Moving Transfer table

SPS vacuum 
sector valve

CM gate 
valve



Vacuum 
sectorization
valve

Valve-
box2 Service 

module

Cryo-
module

Transfer table

Helium pumps

RF power, loads & 
circulators

Y-chamber

Y-chamber

Vacuum 
sectorization
valve

System architecture – Crab-cavity test stand



Overview of the MD phases

The MDs were split into 4 main categories (for 2018):

1. RF-beam commissioning (2x10h)

2. Transparency (1-2x10h)

3. Performance (1-2x10h)

4. High intensity (2x10h)

Before going to high intensities, a special MPP will 
be held to assess the cavity performance concerning 
protection issues.

Will perform failure studies in parallel during the 
MDs, as the beam parameters vary. 

6

Lee Carver, SPS-CC MD Planning Overview, SPS Test Day #2

low intensity, 
1 to 12 bunches, 2 1010

high intensity,
1 bunch to 4 x 72 trains

MPP review

Progressive increase in energy + 
intensity ||  failure scenarios: 

flexible interlocking as we learn
to know the system.

https://indico.cern.ch/event/718127/
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Cryogenic distribution line

Interlock types
type why what

Personnel safety Radiation (X-rays)
ODH and cryo hazard
mechanical hazard

Access versus
RF Power to cavities
Table movement

Machine protection Aperture

Protection SPS and crabs

Beam & extraction versus
table position, movement,
vacuum sector valves

SIS

Equipment protection Protection SPS and crabs RF Power versus
Vacuum, cryogenics.

Beam versus
HOM power
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RF Controls layout

TABLE interlock
Function

Integrated in the RF PLC by SIL3 
 modules

Access 
PASS

Table control

SPS RING 
CIBU

LI
M

IT
_P

A
RK

IN
G

LI
M

IT
_E

X
PE

R
IM

EN
T

VETO_A / FEEDBACK_A

TO
_E

X
PE

R
IM

EN
T

SAFE_A / UNSAFE_A

RING_USER_PERMIT_A

CAV_1_RF_ON 

VETO_B / FEEDBACK_B

RING_USER_PERMIT_B

PLC 
RF control

CAV_2_RF_ON

TO
_P

A
RK

IN
G

ST
O

P

LOCAL_EMERGENCY_STOP

STATUS

POSITION

TA
B

LE
_F

A
U

LT

REM_MOVE_AND_ENABLE_KEY

SPS LSS6 
CIBU

LSS6_USER_PERMIT_A

LSS6_USER_PERMIT_B

Cryo control 
system

CRYO_LEV_GT_0

RF_VETO_CAV_2

RF_VETO_CAV_1

CRYO_OK

Table Propriety 
control 
cables

LL 
RF

SPS TUNNEL

SUPERVISION

Remote
3 position

 key

Local
3 position

 key

LO
C_

M
O

V
E_

A
N

D
_E

N
A

B
LE

_K
EY

RF 
Interlock

STATUS

TA
B

LE
_O

K

RF_SIGNAL

FAULTS

FAULTS

SECTOR_VALVS_IN_POSITION

IOT 1

IOT 2

400 V

From vacuum 

control racks

ACCESS
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RF Controls layout

TABLE interlock
Function

Integrated in the RF PLC by SIL3 
 modules

Access 
PASS

Table control
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PLC 
RF control

CAV_2_RF_ON
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LOCAL_EMERGENCY_STOP

STATUS

POSITION

TA
B

LE
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A
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REM_MOVE_AND_ENABLE_KEY

SPS LSS6 
CIBU

LSS6_USER_PERMIT_A

LSS6_USER_PERMIT_B

Cryo control 
system

CRYO_LEV_GT_0

RF_VETO_CAV_2

RF_VETO_CAV_1

CRYO_OK

Table Propriety 
control 
cables

LL 
RF

SPS TUNNEL

SUPERVISION

Remote
3 position

 key

Local
3 position

 key

LO
C_

M
O

V
E_

A
N

D
_E

N
A

B
LE

_K
EY

RF 
Interlock

STATUS

TA
B

LE
_O

K

RF_SIGNAL

FAULTS

FAULTS

SECTOR_VALVS_IN_POSITION

IOT 1

IOT 2

400 V

From vacuum 

control racks

ACCESS

To beam interlock 
BIS board

To RF Power 
interlock

TO/FROM 
Access
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IOT Interlock modules

Services

RF

HOM Power 
threshold*

*HOM Power threshold 200W implemented to protect 
LHC-type HOM coupler feedthroughs after failure of high 
power new design HOM FT’s during dressed cavity tests

IN
P

U
T

IN
P

U
T

To CIBUs

To Access

To RF Power

Same for IOT2
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Cryogenic distribution line

From crab test stand via CIBU- BIS board entries

BIS SPS RING – BA6 BIS EXTR1 – BA6

U
VVS CIBU

BLM CIBU

SPS RING
CC CIBU

M

SIS Permit: 
Table OUT/IN

SPS EXTR1
CC CIBU

• 1 new entry, unmaskable, from CC
• VVS exception for V1/V3
• Software permit, maskable, with Table position
• CC BLM individual threshold setting, in BLM sector’s CIBU

• 1 new entry, unmaskable, from CC



SPS Ring and Extr CC CIBUs (unmaskable)
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EXTR enabled

Beam enabled

Beam NOT enabled

EXTR NOT enabled

*HOM Power threshold 200W 
implemented to protect LHC-
type HOM coupler 
feedthroughs after failure of 
high power new design HOM 
FT’s during dressed cavity 
tests



BIS – Conformity and Functional Tests
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BIS conformity reports

BIS functional tests with time stamping

TE/MPE is looking into the time-stamping during table movement tests 2/5
Proposal to go through the procedure with timestamps at the beginning of the MD



RF Power Interlocks
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OK

3.5 10-7mbar

4.0 10-7mbar

Monitored but not used for interlocking, 
they may be used for LHC.

All tested or being tested during present 
commissioning and RF conditioning, off beam



RF Power Interlocks - timescales
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Reaction time

Arc detection < 1 ms

Reflected RF power (or any RF Power parameter) < 1 ms

Vacuum FPC < 0.1 to 5 ms

SIS ≈ 1s



Interlock non-conformity
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Table position to Vacuum valves opening is 
now via software

Cable to be pulled for hardware interlock

Vacuum to cryogenics is now via software Cable to be pulled for hardware interlock

Interlocks Engineering Specification defines 
only Safety and Machine Protection 
interlocks, not the equipment mutual 
protection

Modify the Interlocks Engineering 
Specification to include all equipment 
protection interlocks



Conclusion
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• Functional test of BIS with timestamps could be repeated for completeness at MD 
start

• SIS (maskable BIS entry) only includes the table position: it is evolutive

Phases 1-2: READY (after functional BIS test)

Stopping point: MPP review in June

Phases 3-4: Evolution of the interlocking scheme via RF parameter set interlocking 
RF and SIS



Back-up slides
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Potential Failure Modes
 Cavity stored energy is 10-12 J

 Some “slow” failure
 RF arcing, 𝜏𝐹 ∼ 1 ms
 Power supply trips (50 − 300 𝐻𝑧): 𝜏𝐹 ∼ few ms
 Mechanical changes: 𝜏𝐹 ∼ 100’s ms

 Fast Failures (10’s μs − ms)
 Cavity quench, RF breakdown, Sudden discharge 

 Fast orbit changes, external forces

 LHC Collimation, maximum allowed (old numbers)
 Slow: 0.1% of beam/second for 10s

 Transient: 5 × 10−5 in 1 ms

 Fast: Up to 1 MJ in 200 ns into 0.2 mm2

ELens Review 2016

R.Calaga, 
Electron Lens review 2016

https://indico.cern.ch/event/567839/contributions/2295327/attachments/1349381/2037297/Elens_CrabTalks.pdf
https://indico.cern.ch/event/567839/contributions/2295327/attachments/1349381/2037297/Elens_CrabTalks.pdf
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Aperture and crab cavities
NA slow extraction in LSS6

Slow extraction of fixed target beam 
at 400GeV, incl. extraction bump

purple : raw beam envelope 
red: beam envelope + tolerance 

Crab cavity in beam gives sufficient aperture for slow 
extraction to NA 
No bumper dipole interlock (opp. to Coldex) 

C
C

C
M

LHC beam extraction in LSS6

Fast extraction to LHC
Crab-cavity in beam does not yield 
enough aperture for extracted beam

H.Bartosik @

SPS Test Day, I
https://indico.cern.ch/event/463435/

CCCM aperture

https://indico.cern.ch/event/463435/

