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Crab- cavities, SPS-BAG6 installation &

consolidation plans
E.Metral’s webpage

XVI) Working group to study the feasibility of installing a Crab Cavity in the SPS: CCinS 2009
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LAYOUT

G.Vandoni, 8th HL-LHC Collaboration Meeting, Oct2018



Surface & Underground areas SPS BAG

TA6 Technlcal
alcove
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Cryogenic LN, LN2 sto

rage : >
transfer line 7 o GHe storage
\‘ Warm He

pipework

Compressor
station

Courtesy S.Claudet

VB1 —valve box 1

VB2 —valve box 2

SB — service box

CM — crab cavity cryomodule
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HL-LHC PROJECT

Crxogenic He

transfer line

separator
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Test stand
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Table Movement
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Fast extraction to LHC

RF power transmission
lines, rotating coupling

Articulated Y-shaped
vacuum chambers

Service Cryomodule

Box Motorized transfer table 510mm 4um

Fully remote handling & control

Bearing CM+SB, RF power circulators
and loads, vacuum chambers supports
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Vacuum

In parking, cryomodule is only cryopumped
— turbo switched off
Vacuum degradation between MDs at 4K

VGHA + VGHB VGHA + VGHB
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Vacuum

In parking, cryomodule is only cryopumped
= — turbo switched off

: "@. g Vacuum degradation between MDs at 4K
&~ Open the CM valves for better pumping
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NEW

CIVIL ENGINEERING

| * Cryo-compressor
g « * Oil-removal skid

° New transformer

INFRASTRUCTURE

HANDLING

Supporting structures §
* Faraday cage

Concrete slabs
* Gas and liquid tanks

Reinforced resin
after removal of damaged surface layer

New overhead rails
maximal charge 4 tons, in
tunnel and technical
alcove
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New, 2MVA transformer,
18/0.4 kV connected to
SPS stable loop.

UPS Switchoa rds

g

AT

NEW INFRASTRUCTURE

ELECTRICAL DISTRIBUTION

Network Requested
load

General 1100 kVA

services

UPS 17kW

Secured 2kW

Impact in the cables that supply BA6

20% 18%
15%
10%
5%
5%
0%

BAS

Raw and demineralized water systems modification &recommissioning

29%
12% I
BA7
‘uture worst case scenario load

®CurrentLoad W Futu

FARADAY CAGE

i - —

Attenuation of 80 dB Phonic insulation, fire
minimum at both 400 MHz  detection, controlled
and 1 GHz ventilation

Single power line with
filtering capability at 40A
Single patch panel,
feedthroughs 3 GHz, 50Q2
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INTERLOCKS
Type Wby Whx

Personnel Radiation (X-rays) Access versus
safety ODH and cryo hazard RF Power to cavities
mechanical hazard Table movement/ LHe level
Machine Aperture Beam & extraction versus table position,
protection table movement, vacuum sector valves

Protection SPS and cavities  SIS: set of parameters, to define

Equipment Protection of cavities and RF Power versus
protection their ancillaries Vacuum (beam/ insulation)
Cryogenics (cryo OK given manually+ interlocks)
Beam versus
HOM power
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INTERLOCKS
Type | wihy

Personnel Radiation (X-rays)

safety ODH and cryo hazard
mechanical hazard ;e

Machine RF Power cannot be switched on if the SPS is NOT in Safe Access

protection 4 (closed mode)

Access versus
RF Power to cavities

Equipment Choice done for simplicity: RF conditioning and LLRF preparation in
protection parking position, during beam time

— Needs to be over-run or modified (interlock signal to closing off

RP doors, or interlock with RP dose at these doors) to allow for
tests during LS2

Hium Y )
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SAFETY EQUIPMENT

SGGAZ-16001
SPS ZONE 16

EDMS : TBD
Status : DRAFT
non | 08210 oo o
2 con
] oo
on
. U0 LcovE s
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© con
weauva con
z
con
AL con
TRANSFER moomes | oon
. TABLE Tweoame | oon
> ODH a2 3 = CENTER 2 o comesme | _oon
3 3 @ 2 MR
Flashing light s > % g =5 oo st oo
=1 5
2 Beam axis. (=} T3~ DCUM 6303 con
8 a a 8 T

Extended layout of Oxygen Deficiency

(ODH) detectors and flashing beacons,
triggered tunnel evacuation up to mid-
arc on both sides
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. Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec lJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

CERN machines schedule YETS 2016 EYETS 2017 YETS

Cold tests, CM

Cavities & cryomodule Cavity Fabrication "
cavities Assembly

Cavityl |
Cavity2 Cavities ready CM ready

Bare cavity Dressed for CM to install

test cavity test

VISUALIZE PREPARE INSTALL
SPS works for test-stand

: Refrigeration
BAG supports construction Transfer table

Uncabling & Cabling + Service Module

P LAN N I N( ; Clear BAG RF power cabling Electrical N
Un-cable BA6 and tunnel Crvo Transfer-Line e

: o RF connections
Optical 3D Scan Vacuum sectorization o connections
TL Bidder’s visit New handling equipment " »I"d o et
Measure magnetic field Cooling pipework alidation tests

: : Commissioning
DA D)
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_______
Work allowed only in 3 slots
of 8 - 12 weeks over 2.5 yrs
YETS16: Uncabling/ scans
EYETS17: Infrastructure

YETS18: Largest, delicate
equipment in shortest time

PLANNING

- r+rrrrrrrrr T T T T T T

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

YETS 2016 EYETS 2017 YETS

Cold tests, CM
cavities Assembly

Cavity Fabrication

Cavityl

Cavity2 Cavities ready CM ready

Bare cavity Dressed for CM to install
test cavity test

VISUALIZE PREPARE INSTALL

Refrigeration

BAG supports construction Transfer table

Clear BA6 l:JPcabImg & Cabllng + Service Module

e G e i Electrical connections

Optical 3D Scan RF connectior?s
Cryo connections

Validation tests
Commissioning

TL Bidder’s ViSit INCW dTial g SYUipiiiciiL
Measure magnetic field Cooling pipework

G.Vandoni, 8th HL-LHC Collaboration Meeting, Oct2018



YETS 2016

i Coactivity in tight space
cavity Fabrication caviies | pssembly Coping with activities involving large teams (cabling)

Cavityl o2 ot rendy  CMiready Management of unforeseen events

Bare cavity Dressed for CM to install
test cavity test

VISUALIZE PREPARE INSTALL

Dec Jan Feb Mar

SRR NN
DICCs BAG6 supports construction
Uncabling & Cabling

Clear BA6 RF power cabling 0 _I
Un-cable BA6 and tunnel [ cryo Transfer-Line -g o, CrVOmOdule/RF wn
Optical 3D Scan Vacuum sectorization ‘:g N
TL Bidder’s visit New handling equipment e (@)
Measure magnetic field Cooling pipework =
. ¢ =
o 22/1
2 cooldown Cooldown |
Q [ERoit DSO test + N
5 tests Interlock tests O
|

-
- 23/2 Cryogenics

Refrigeration
Cryogenics commissioning w

_U
A
>
Z
<
Z
]

17/1
. - Infrastructure last batch
e
b\&\\‘\{f\% Cablin g }\%\'{\\\'\‘} \\&\\\\\'\‘\\\\\\B\\\\\\\§\'\\\§\\§ C a b I i n g

Electrical distribution

QE

©)
7
EN/EL
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Electricity — coping with coactivity
CABLING

EN/ELIFC new cables and fibers
BPM C.Boccard 16/2
Staging of works with e R
Ca b | i n / TA6/ Shaft . ODH N.Broca 72 week 6
g d ea d I Ine Fire safey . Miriam Munoz 702
El. Distribution  Tunnel :> Ao T
BLM D.Vaxelaire 16/2
BA6 . - Cryogenics (to VB#2) C.Fluder 24/1 week 4
A rb It rat I O n o n F;yr::ay cage LLRF P.Baudrenghien 3N week 5
necessities: some cables POWERING

CRYOGENICS TA6/ shaft

EN/EL/EIC Electrical distribution cabling and Deadline for use
I e ft O U t connections

Tunne | Energization of G.Velazquez
transformer
BA6 [Cryogenics [ 21 wed

v Priority on the field to ETC T N— N i
l: . P.Baudrenghien 3N week5
S Cryomodule/RF  Tunnel cabling team o0 ek o 2 e
b Transfer Table

<C | RF equipment

P

= | CRYOMODULE

< CRYOMODU Cables prepared for the powering and

S Vacuum

control of the transfer table, right before the
table installation

H LHC LPJHOJEC f

:
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2 10 - Eectrical distribution ———
= = 1 oslivery of refrigaration .10
-] 10 a0 Femaining cabling ENEL C  |. Tunnel area .
noa 1 M catling tunnel ENEL - .
12 4 2 M2 cabling shaft ENEL 1 Survey proparatary acthitios
13 4 3 M3 cabling surface: ENJEL = Dismount wactsum line:
14 4 4 s cannectors tunnel ENJEL £l Ingtall aquipment ot the celling ™
L 15 4 s s camectors RAL ENVEL H ¢ Cryogenicancillries 1 L —
- 15 Tunnelarea » i 1
= ) a0 Survey preparatory actviies Envacessu 1t 4 pre-instal exibies st the celling supports + TEACGRME EN/HENH
1B 0 1 a1 nstall patch pane under GOA and connect Enjacessy | G nstallf commission anster able: —
L 19 0 1 02 Trace gosition of the transfer table on the floor ENJACE/SU 1 n Install equipment on Transter Table —
- 0 1 10 Install equipment ot the ceiling . Conmeet serice baw to Cryomedule n
n o1 1w M detectors ot crab zne BEncs o 5 Close Cryomodute beam vacuum —
2 1 1 12 €00 cameras. IRJECO 1 £l Cabling f all sarvices of the Cryomodule —
2 1 3 13 Divers fr Cable Service Box instrumentation n
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| ist | Installation sequence roject plannin y
3 ¢ =
311 om
3 2 32 . tw"’"‘
3 Install platform for work st height ME| Adpustlength of AF Power lines
3 03 3 a3 Prepare cryofine tunnel extremity for the ValveBoxh connection  Criotee | 19 survey of Cryomooule undér viuum it
® 3 4 a4 Dl el ceiing foe the eryo flexible supports TEICRG 10| chack iable movement under vacuum load § Bwaman
7 3 3 33 Bring in VB2 and position, install platform ENJHE 1 b Cable BPMs and check - s
B 3 4 a4 Wed innernal lines Criowee 1 159 Final conection between VBRI and SB —
® 3 s as Korays EN/MME/N & 59 Al finalcheck —
@ 31 6 36 Wekd external envelope Criowee 1 2 Cryomadule ready for coaldomn Son
L a3 7 a7 Pressure test Criowee 1 155+ conkdown permit checks —
= a2 4 Instal/ commission transter tadle EnmmE | 16 installation & commissiaing of ODH r 1
i 43 4 transgornt base Ao toae EvHE ¢ _ 7 . TAg alcove -_
4l ol base A v ! § Mark pstion of ol b Vo1 | TwcaRms
a4 transport base B to 1008 ENJHE [ B | waslsaatiold u ENEA
45 4 1ol ase v i =
a7 4 remave bases A and B ENJHE q g v ! !
48 s el anchr holes. v | sl fexible L2 e ™/
EEI transport bases A/D ewHE ¢ L T
50 4 Install bases A/B and adjust avs ' tnstall cald biax n
S 4 laser trackes measirement of base ENJACESSU 1 Connect cokd b ko warm gas and L2 lines —
52 4 chamical anchoring avs ' ‘Commect cok-bon to Vs
53 s definitve levellig of table base avs ' Eectrcally conmect cokd-box
54 4 ransport top A and installation ENJHE q Cold-box reay to operate CETE.
55 4 i top A and lpvel avs [ « BAG surface r
s 4 transport top B and installation ENJHE ¢ 4 Cryogenic system surfacs works r ™
57 s assombie and algn 109 B avs ' cryogenic warm lies —_—
s Iaser tracker measurement of tabie top Enjaceisu | e Ioe2 o compromer emm—
s connection ta lacal rack and test i factary made avs ' ! vontlation sieave
& s Intalation of comollers nsrface rac, cable 1l cables avs ' i P v
6 s complete functionaiy test avs ' Covogeris tas —
62 s laser tracker measurement for final validation ENJACESSU | 21| mefrigeration resdy to operate ’ 26
T - tocslentig Ee Y = 324 Crunsanic ranldnwn and eammi 1
& s nstallcatle chai
1 e e o TEACRG/ML
S0 T TECRGIML

‘ Tight follow-up and coordination on the field =
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Time-lapse camera recording

PLANNING ...vs REALITY

>
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https://cernbox.cern.ch/index.php/s/dLCRoVAJ4Epnstn

64 IMPACTS

W Visits
M A - Acceleration

B Radiological Controls
B E - Electricity
M B - Beam Instrumentation
BV - Vacuum
M F - Fluids
H C - Controls
HS-Survey
M Table Installation
WS - General safety
B L-Layouts and assemblies
B - Infrastructure
Other

IIIII--II-----
1

M Q - Cryogenic equipment, cryostats and interconnects

YETS 2017-2018 Statistics ———————

VB1, V2, Heater

Cryogenic pipework  New caties

Coldbox  Cryogenic pipework

FLUSHING

COMMISSIONING

e vater back

COMMISSIONING

64 IMPACTS
200 Estimated participants
~20 Teams involved

Interlock & Safety checks
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HL-LHC PROJECT

CONSOLIDATION &
NON-CONFORMITIES
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Main non-conformities

Cryomodule misaligned by 400pum

VB2 and SB mutual distance not according to integration

mechanics -
Water pressure too high, on RF loads and He pumps

Helium leak on line between CB and VB1 |

Cryo-lines versus insulation vacuum status, procedure not
Safety signage indicated on items

Cryo danger zone not marked

Mechanical instrumentation cables missing

| _ Vacuum interlocks to cryo are not hard cabled
\ cabling
VVS interlock to table position is not hard cabled

Cable’s hard protection missing ‘
ODH signals impacted by occasional noise, reach pre-alarm‘

CE/RW solved in TS | Brakes pulled on transfer table motors .
\

A




Cryomodule misalignment

inching canacion soretons based o S BUNKE inchain consscioncrectionsbase n et
Vertical Vertical
g Il SPS bea::lm(theory) L | o SPS bea;smm(theorv‘,l ]
No impact on in-beam -
performance, correction by
orbit bump e * Insufficient data on effect
of vacuum cycling
S * No FSI observation during
initial alignment
. .. * Successive cycles on
SPS beam (theory) insulation vacuum
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Layout for leak tests

COMMON INSULATION VACUUM SB and CM

Necessity to maintain insulation vacuum
when internal cryogenic circuits are pumped,
to avoid stress from vacuum pull on lines.

e "A T-
a1l il g ek
bE
O_JL:-jI “.——H_'—;,,i'—;—ﬂ—‘;— | ' Sl‘.j“ri
{ —e ol i L0 | Q2
:;Li*kii\—‘ Seail
“‘v‘ Y‘LW‘ ,;. y,
| —E o
L l 1y
i T
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Distance ValveBox2 to ServiceBox

X=150.3 mm .
1 Comparison between foreseen
 sumper Y=5143.2 rom (red) and measured (black)
Radius = 151.96 mm Y=9139 O i
on’f(”‘.‘;;'s";‘s's pOSItIOﬂS & distances.
Uy =0.700769
Uz=0.002279
_— measure model A
sB1 Radjus = 24.09 mm SB1-VB2 2699 2586 113
Radius =511.01 mm X=-1150.25 mm
¥=-1449.12 mm Y=1307.32 SBP1-VBP1 2080 1975 105
Y=4478.55 mm X=-1153
X=-14505 Y= 4282 SBP2-VBP2 2032 1924 108
Y= 4447
¥=3657.9 mm
Y= 3654
sep2
Radius = 89.04 mm VBP1
X=-1407.68 mm ..-=="" Rodius =83.98 mm
Y=4155.94 mm e =-887.93 mm
b 0® ) S
Y= 4134 " X=-871
- . Y= 2327
vB2
VBP2 Radius =597.97 mm
Radius = 83.59 mm X=-882.25 mm
X=-1174.21 mm X= - 1161 Y Y=1839.87 mm
Y=2136.96 mm Y= 2227 X= - 871
L X Y= 1927

Flexibles cut and re-installed for stress
minimization in parking position
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Works In LS2

WORKS with Access

* Repair of VB2 to SB distance non-conformity

e Repair of helium leak on flexible line Cold-Box to VB1
* Consolidation of Safety Information signage

e Missing cables

e Alignment correction

SAFETY REQUIREMENTS
Modify/remove SPS Safe Access interlock on RF Power
Area closure to passage, transport etc

Cooldown and RF Power testing,

[edchinzinominalivalrage TECHNICAL REQUIREMENTS
without beam : I .
Services availability: electricity, water...
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HLLHC:
SPS test-stand mirrors crab-system
architecture of HL-LHC

* Infrastructure / interfaces :
integration,
installation,
interlocks, controls, cables

e Technical issues being tackled and solved:

lessons learnt for LHC

Y ©)

An OUTLOOK to LHC

EDMS NO.
1754567
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CONCLUSIONS

Fully functional, unique test stand for superconducting RF cavities in high
energy/ high intensity proton beam

Main features:

* Cryogenics for 7g/s liquefaction, 3.5g/s at 2K
* Moving table 510mm range for in-beam/ parking
Low SEY Y-shape vacuum chambers
80kW 10T RF amplifiers

Beam instrumentation

Overhead transport rails

Hum Y &)
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All involved teams have spared no effort,
humbly and keenly, for the success of the
SPS test stand

Integration, Safety & SPS Coordination, Safety infrastructure, Civil engineering, Electrical distribution,
Cabling, Infrastructure support, Transport, Transfer Table team, RF, Cryogenics, Vacuum, Cryomod
mechanical engineering, Survey, Beam instrumentation, Machine protection...
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