


Vacuum System Reliability
lllustrated with LHC

V. Baglin

CERN TE-VSC, Geneva

ARW2[ ]15

OAK RIDGE

National Laboratory
Accelerator Reliability Workshop 2015
April 26 - May 1, 2015

Crowne Plaza - Knoxville Tennessee

CERN
\W Vacuum, Surfaces & Coatings Group ARW 2015, Knoxville, Tennessee, USA, April 29-May 1, 2015

= Technology Department



Reliability engineering,

The ability of a system or component to perform its required functions
under stated conditions for a specified period of time [1].

[1] Institute of Electrical and Electronics Engineers (1990) IEEE Standard Computer Dictionary: A
Compilation of IEEE Standard Computer Glossaries. New York, NY ISBN 1-55937-079-3

=>» A system must be think / produced to be reliable before being operated

=>» | will introduce the main action taken in order a vacuum system is reliable
during operation
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OUTLINE

1. Study, Design, Procurement & Installation
2. Operation
3. Repair, Consolidation & Upgrade

4, Summary
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1. Study, Design,
Procurement & Installation
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LHC from Study to Project

« Communication & release of Official documents and books is mandatory to share
pertinent information across the project

Design study

RN 710

2 May 199

DESIGN STUDY OF THE LARGE HADRON COLLIDER (LHC)
A mulfiparticle collider in the LEP tunnael

THE LHC Study Group

,

CERN ELROPEAN ORGANIZATION FOR MUCLEAR RESEARCH

ORGANISATION EURCPEENME POUR LA RECHERCHE NUCLEAIRE
GENEWH,
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Conceptual design

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

[AC25-08 (LHC)
20 October 1995

THE LARGE HADRON COLLIDER

Conceptual Design

The LHC Stindy Group

1995

Design project

LHC DESIGN REPORT
dITE o |

N

THE LHC MAIN RING

EUROPEAMN ORGANIZATION FOR NUCLEAR RESEARCH

2004
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LHC Project

 Defining and understanding the machine parameters impacting the vacuum system
was a crucial part of the project

CERN [ 'LHC Froject Document No. )
CH-1211 Geneva 23 LHC-PM-ES-0002.00 rev.1.1
Switzerland [ CERN Div./Group o Supplier/Contractor Document No.

- AC/TCP )

the "EDMS Document No. .
Large [ 100513.00 rev. 1.1 ) DeS|g n
Hadron

Collider
project

Date: April 8, 1999

Engineering Specification En ergy [TeV] 7
Luminosity [x103*cm-2.s1] 1.0 2.3
GENERAL PARAMETERS FOR EQUIPMENT ﬁ Current [mA] 584 860
INSTALLED IN THE LHC
ﬁ Proton per bunch [x10%] 1.15 1.7
_— ﬁ Number of bunches 2808
A number of design parameters and operational scenariqs are used in many documents .
e o o tog ety oo o e s e o g ﬁ Bunch spacing [ns] 25
compenents. The present document is a compilation of these parameters with a
reference to a document or other sources where more detailed information can be . .
found. Equipment installed in the experimental areas has not been considered. Normalised emittance [pm _rad] 3.75
B *[m] 0.55
Prepared by : Checked by : Approved by Total Crossing ang|e [prad] 285
Paul Cruikshank Wolfgang Erdt Lyndon Evans ..
Paul Proudlock Jean-Pierre Gourber Paul Faugeras Cr|t| Cal en ergy [eV] 44 1
Germana Riddone oswald Grobner Philippe Lebrun
Roberto Saban John Pedersen Pierre Lefévre
Riidiger Schmidt Alain Poncet Thomas Taylor ﬁ Ph oton fl ux [p h/m/s] 1 1017 1 5 1017
Giinther Rau :
Felix Rodriguez-Mateos
i L 3 SR power [Wim] 022 033
Laurent Tavian
Carlo W
e ﬁ Photon dose [ph/m/year] 11024 1.510%4
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Expertise: Intersecting Storage Rings

- Discovery of :

* Vacuum Stability and pressure runaway « Beam induced multipacting

STACET

== L
[T

e e

i ° -
-:-I't.\ m Fisl . 4. Average secondary electron

: yield for aluminium and stainless

steel obtained from figs. 2 and 3

and assuming uniformly distributed
electrons. As seen from the ob-
served threshold, I,y,, the cal-
culation overestimates the yield
by about 30%Z., With this correc-
tion, stainless steel should not
multipactor in the ISR.

CEleup et lg

Iy - -
100 200 T(mA)

e —
HE===
1=

L e o i s S SR R S I
First documented pressure bump in the ISR 0. Grébner
E. Fischer /O. Grobner /€. Jones 18/11/1970 Proc X Int. Conf. High Energy Accel, Protvino 1977

* Application of glow discharge cleaning as a remedy

* In the ISR, two cold bore were also operated during ~ 5 years in order to prepare the use of

TEEE Thamsactiors on Nuclean Science, Vol MS-74, Wo.3, Jume 1977

superconducting magnets for the future ! st e S, WS

€. Beovenuti, R. Calder, M. Hilleret

Caneva, Switzerland

.V tability

aCu u m S a I I Summar molecules lfl(‘dluﬂllﬂp;l ;0!\3 than l.mMﬂfy molecules

. Cemm T P —

® CO n d e nsatl on Of g as Saureog Tnte the CHRN 15K o Trvencisne pomiim In the CEKD T80, {n vbich, for gecoatrical rasssos
[}

Insutation vacuum

el

i He gas at variable pressure —
i |
] E‘f// N2 Z)
| I

Heating resistor

Clearing electrodes
| Eliptical diaphragms

=>» Development of laboratory studies,
cleaning methods, surface science etc.

L.

— 1

N . | J
& L S W L W W W L W W V_;’—fl”(l'i

A\ e >
Fig. 2. Cold-Bore Cryostat - Shorting wires
Schematlc Outline.
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More Expertise: Large Electron Positron Collider

« Synchrotron radiation in LEP:

 From 6 to 660 keV critical energy z2 10 e N B A

« Gas desorption studies % 10_2L s ?ECF; Y

. . g E | o : at ® : ol N : E

* Innovative pumping system & el e a1
« Antechamber with NEG pumping strip 2 N | 1 |

« Water cooled and lead shielded 5 00l M L
‘ 9 R % 2 | | | |
CHAMBRE A VIDE . : TRou DE. & 10% | " " : ul

POMPAGE:
o
GETTE]

BLINDAGE EN F’LOMB

Photon critical energy (eV)
O. Grobner. CAS 99-15

FAISCEAU _/

CANAUX
DE REFROIDISSEMENT

SUPPORT GETTER
CERAMIQUE

e - i : ; 3 - )
COUPE DE LA CHAMBRE A VIDE DIPOLE Uﬁgﬁ

(CERN LEP Vacuum group)
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LHC Design Value : a Challenge with p Beams

» Life time limit due to nuclear scattering ~ 100 h
* <P,> < 10® mbar H, equivalent

arc
* ~ 80 mW/m heat load in the cold mass due to proton scattering
1 | E
r=—"" I:)cold mass — _ _
ocn Ct

* Minimise background to the LHC experiments

LE16 g
i Q10203 D204
JATLAS _l b -r_I—L_L Y Iy
LE+I5 [{ERR 141 : ::
SRR el eciime |moa
<LSS, &> ~ 51012 10-10
-_E 0
Z 1E+13 v I | <ATLAS> ~ 101 10-11
% i || I| H J'._."I._.-i Iy i
E S A f l [ | 12 10
& 1E+12 " fa 7 / <CMS> ~510 10
S H
o VY U | | A. Rossi, CERN LHC PR 783, 2004,
1Es10 I

T T T T
[ L) ] [k} 150 i} 250

[mstanee from the P fm)

=>» Predicting LHC vacuum performances with models
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LHC Dipole Vacuum System

 Cold bore (CB) at 1.9 K which ensures leak tightness
* Beam screen (BS) at 5-20 K which intercepts thermal loads

LHC DIPOLE : STANDARD CROSS-SECTION

—— ALIGNMENT TARGET

MAIN QUADRIPOLE BUS-BARS

HEAT EXCHANGER PIPE

SUPERINSULATION

SUPERCONDUCTING COILS

BEAM PIPE

—— VACUUM VESSEL

BEAM SCREEN

—— AUXILIARY BUS-BARS

“~— SHRINKING CYLINDER / HE |-VESSEL
~— THERMAL SHIELD (55 to 75K)

" NON-MAGNETIC COLLARS

“— IRON YOKE (COLD MASS, 1.9K)
T DIPOLE BUS-BARS

SUPPORT POST

CERN AC/DI/MM - HE107 - 30 04 1999
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New System: LHC Beam Screens

* An innovative and complex system, produced at several 10 km scale !

* Intercept the heat load induced by the circulating

beam
. r ween 5 and 20 K - -
Operate between 5 and 20 | Functional design map of beam screen
* Pumping holes to control the gas density
FUNCTION PROCESS DESIGN FEATURE
Limit residual heat load Low-conduction supports |
Reduce beam-induced to cold mass
cryogenic loads Highlconducfciv'lty copper
Intercept synchrotron plating
radiation
Increase development -
time of transverse Cooling at low
resistive-wall instability Limit resistive wall temperature
impedance
Resist eddy-current Austenitic stainless steel
) ial wi structure
forces at magnetquench | ——> Shuﬁl;:]all'g?s?;;wm r
Pumping slots
Preserve field quality in Low-permeability
magnet aperture materials .
Avoid temperatures
favoring desorption of
Maintain good beam .| Provide pumping from common gas species
vacuum “| shielded cold surface
Sawtooth absorber I
Limit development of Limit reflectivity and SEY
electron goud —7|_of beam screen surface Beam scrubbing I

P. Lebrun et al., ICEC 2012
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New System: NEG film coating

* Invention of low activation temperature (~ 200°C) getter film
=> full pumping across the beam pipe

« Some vacuum chambers were constructed and getter coated
~ 1 200 vacuum chambers produced

Cross section of the LEP dipole beam pipe

NEG strip

Cross section of an LHC warm dipole beam pipe

Extremly high

pumping speed
torrt

+— NEG coating —»

N

Courtesy R.Veness and P. Chiggiato

C. Benvenuti et al.
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NEG Coating System: Industrialised Process

 Ti-Zr-V is coated by magnetron sputtering with Kr gas

e ~ 1 ym thick

* All room temperature vacuum chamber including the experimental beam pipe are

coated with Ti-Zr-V

- Performances are valided by XPS on witness sarr’llple -
T A

manifold |

solenoid g
~_ | L=8m
- t=60cm
PR 1
i J '." i i _:I 5
:' I- . ..I . ¥y 2y ) i rt_"'sq_-l':— —@- -
Solenond ; 1k SPRo E El
L=8m =
$=60cm |
L‘.ln’ 2

P. Costa Pinto, P. Chiggiato / Thin Solid Films 515 (2006) 382-388
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Base Line Validation

« Many studies conducted over ~ a decade with experts all around the world, some

examples:
Material performance qualification

Ep=11 eV Secondarie Ep=3.7eV

Secondaries |

Reflected

Reflected electrons
electrons

/

0 4 3 12 16 o n 3 17 16
Kin. En. (eV) Kin. En. (V)

R. Cimino, I.R. Collins, App. Surf. Sci. 235, 231-235, (2004)

2.0 oo, AT
N x 2h120°C
(ER BN 5 2h 160°C
X xx‘.
164 " 1. ¢ 2h200°C
. o, o 2h250°C
> 1.4 A Fake @
& - xx;%;.. 4 2h300°C
1.2 4 #x Bon, Xk 220
oo, x}zn
PLLLL TN o i T
10 ‘f QQQQQQ “Hooo, *x nﬂﬁQg
08 3 Wﬂﬂﬁﬂn LT Seanag 00000,
da Iﬂinig;
0.6 ‘ . :
0 500 1000 __ 1500 2000 2500 3000

PE energy (eV)

C. Scheuerlein et al. Appl.Surf.Sci 172(2001)

CE/RW
\ Vacuum, Surfaces & Coatings Group

System performance qualification

10" : ‘
~ 10" p= Lifetime limit

[ =] |

=
z |
Z 1" p—t-—1

5 warm-up 77K
x hen | -

o | ol "
T ¥ | e

ird
L]
1ot

0 20 40 60 80 100 120 140
Operating time in LHC (h)

V. Anashin et al., J. Vac. Sci. Technol. A 14(4) (1996) 2618

Reference unbaked
Stainless Steel

ID 156mm - 5V PU

1 batch

ELI—rﬂ

2 batches

¢

———

3 batches
4 batches

NEG - activated 250°Cx2h +
saturated
rectangular - 100 mV PU

A. Rossi, Proc. Ecloud’'04
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Design of components / assemblies

» Design review (conceptual, detailed, production readiness ...)
 During LHC procurement, the LHC-VAC group internally reviewed all technical
specifications and drawings :
» ensure compatibility across the vacuum system
« allows optimisation across components and performance (standardisation)
e use quality class (class A, approval circuit after control 1&2)

 Rule: rejects components, including in-kind, which do not meet VACUUM DESIGN
APPROVAL

Do’s and don’ts (just a few important ones from LHC design and experience)
No halogenated fluxes
No cold demountable joints
Helium envelopes are all-metal
Joining techniques need to be validated (materials, welding, DT)
No dye penetrant testing
Minimise thin wall components.
Combine RT leak and pressure test of components
Decide a policy for cold testing of critical components
Keep non-vacuum group manufacturing under control — assign a vac link person
Don't allow deliveries until tightness certification is approved
Minimise number of welds to be tested in the tunnel
Many, many more

=>» Technical specification & drawing validation
=>» State of the art material, cleaning methods, procedures

CERN
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Quality Assurance Plan

* Allows to share information in a global way producing the right component

Date: 2013-11-04

\ () wi ) SVMAAE with SVMAAE with
ENGINEERING CHANGE REQUEST s l’.“z,‘.‘s".?m...u;n

Vacuum Pilot Sectors in the LSS8 433& . e
BRIEF DESCRIPTION OF THE PROPOSED CHANGE(S): ‘*/i ‘—"'{? i o g

Fquipment Tdentifier:
Othar Edankifier: UTA
Deseripnen: ¥1 Alssinium Chassber - Assembly

The wvacuum pilot sectors provide detailed information for the understanding of the

vacuum dynamics stimulated by synchrotron radiation and electron cloud. It opens the 1%
possibility, on a day by day basis, to carefully monitor and analyse pertinent beam

vacuum parameters for the LHC operation. With this ECR the VSC group requests to £TDE21088 STOSBAETO
allocate the space between Q5L8 and Q4L8 from -163.51 m to -145.18 m on the left of VAMVIC WA with VAMVL :vizAc with

VPLAN,VAZAF, - VAZED  |VPIA,VAZAF, - ,VAZED

1P8 to dedicated vacuum instrumentation as described below.

Bake-out Temperature A T
PREPARED BY: TO BE CHECKED BY: TO BE APPROVED BY: e e mber s
Name Dept/Grp Name Dept/Grp Name Dept/Grp ot rm—— "
G. Bregliozzi TE-VSC G. Bregliozzi TE-VSC Hpdragen paming speed Vs
V. Baglin TE-VSC V. Baglin TE-VSC
B. Henrist TE-VSC B. Henrist TE-VSC

Engineering Change Request

ators Emtites and Signals
FORTAL

LML Equipmert Codmn - Syabmme W

B VAWATLD

CWE AT - ARresk T pgerr Descnption
a : Lyt Narms
VAT - AxnaTEl Lakinias Expart Nama
Vicutun N
Baam oy

Vaoman - Azearth
NADRIT - AEEVER
bannT - senaek
arzum - Amenhip

Fusetion
Lisks s uen disisbases

All LHE Systems Lengih
WaoaaT - Baaan bl [
—Eﬂl_
ADAIT - AERITL Vocuum Secior - 0
Vacuum Sector A
YATMIT AESTER fstation
lu.ﬁ-\ =||--- S Samt .‘M-\Nlr lrL-d JSQ—I U’Ln-l n & < Magemeiic Lenihy

Yarasm- Sanamhly =
‘aaam- Axearbl 202 T Serin vahae o =
HEM  VEtsnScaanibdy Yo
UWANE MR fesImbiy Modat
|Fesmsn Wara i - Areriy g - Mo p- WHEAT el - AT RK VATAR WATED
Lw WL - AErin e Mods s - WBUAD e B VAT WERAD - WR 2T

=

mxm RA13
WEC a|..n J<I APERTUSIE S

ﬂpomlln Fenction Ot §

Naming Convention

SMARTEAM Rolernsces

Fins & Pinsuts

LHC layout database
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Vacuum Layout

* Define components, produce data based drawings and SCADA systems, ease installation and
optimise future intervention (e.g. in radioactive areas)

: = Integration studies
Vacuum layout database

[ B
LEY compenent’s ordes for 151

JulpfER

New components
Production & follow up
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Infrastructure and Material

» Adapted stores, components, tools and storage management are mandatory
o DA e o i i

m Yacuu«m.mod 1eg s - - = s Pinch-off i

) nus. i b Sl - - L "

G- .4mmu‘-mmummf+-
w i "
| 4

T

|

| Electrical |

et A

Q) A i’

ecranical|

o T

CERN
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Vacuum Acceptance Tests

* Prior installation all (several thousands) equipment have been baked and
validated at the surface before installation in the tunnel:
« functional test
* leak detection
* residual gas composition
* total outgassing rate

=>» Logistics, scheduling, coordinating & official reporting

Bake out Degasing

5 k;ir. i Vacuurn Reports « Documents + AN Dotuments «

Share & thazrwend wih the Iome iy addng ¢ 12 Fan docurrnt libeary.

7| ferme  Operitien  Vaausw oot FrustSevcs  Doeinests  Long StrechtSadiens  AtrandEadaces  Shusiwn R LSIAGIes Rapot  TEMone  VEC Home

UMV Vaoum degassing test of VMZAS and VMZAK
modules for the LHC

zzzzzz

G. Cattenoz et al., IPAC 2014

Ay e Y

. Y, 4N i N o
2 ALFA Roman pot stations (XRPA) connected to TB1 in B113

CERN
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Examples of tested parts

VPIAN test NEG cartridge

BTVSS.6RS8 VMBGD -TDI

sectorisation

VM NEG copper inserts

TDI boron

nitride blocs

H..-

ATLASVCIAB (G Lakza)

CERN
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Installation and Quality Control
» Expert teams dedicated to specific tasks, logistic included N LAC Beam Ve N
* Industrial support coordinated by CERN staff

onformity tracking system

How to report a new issue?
1. 50 ot Wi Comformsty Tracking page.

e 3. Sestak et al, IPAC 2015 T —

= LHC Beam Vacuum Non Conformities status wk11 - R ———

¢ Tracking

o Etuveur
u Tech, Vide

B Mécanicien

EERERENN

f e = : =
Chamber installatiomr=

N/
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Commissioning of the NEG coated vacuum system

* Bake out of stainless steel part first
 Followed by NEG activation

Gauges
4 outgassing
o Bakeout of the uncoated parts
= 300
e
2
g l activation
g. 200 L
ﬂ Coated chamber
o
£ 100
™
i}
I
Heating Time [h]
LSS dashboard - 31/10/2014

100

5

%0

a5

Vacuum sectors finkshed [%)

3
3
E]
3
3
3
3
3
3
3
a
4
4
4
4
4
4
4
4
4

uuuuuuuuuuuuuuuuuuuuu

mmmmmmm

08/03/20
08/o4/
0g/os/
09/06/.
10/07/
10/08/.
10705/
11/10/!

05/12/
05/01/.
05/02/20

S Vacuum NEG Activation of LSS Vacuum

Vacuum procedure

Sectors of LHC

Bake-out and NEG vacuum activation of the
LSS vacuum sectors

Abctract
This document presents the procedure for the bake-out and HEG vecuerm activation of the
Lo Sraight Seeters (L55) for the Lang Shetdown 1 (L51) of the LHE,

0 ]
-Hm day: Bake-out of not NEG coated equij

Freearsdty: “ . - and magic box are epen.
Cluseppe Brcalloz iwm','m“ Vieent fla & « Controd that sector vahwes are closod.
Giulla Lanza = Lontrod that the mear sectcr are under vacusm: P < 1 mbar

GubaLangefonmah

a0 ricks.

in PVSS

» Parform an RGA wan of the sector in Faraday mode and attach a
et of the scan file if pressure < 9E-7 mbar

Hicalas Zelkn

=» Specific procedure for NEG activation
=> Activity reports
=>» Progress & performance charts

>\ Technology Department

@ Pressure After Pinch-Off [mbar] - First Activation
H Pressure After 1 Week [mbar] - First Activation

l Pressure After 1 Month [mbar] - First Activation

g & %2 8
|

g . <P> ~ 101! mbar
E . Pressure reading limited by
% outgassing of the gauge port and by
2" the gauge sensitivity
u ] J J l i L L TR T | . | -
R o ol ol ol P b g

Pressure [mbar]

G. Bregliozzi et al., EPAC Genoa, 2008

ARW 2015, Knoxville, Tennessee, USA, April 29-May 1, 2015




2. Operation
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Vacuum Monitoring — Stand-By

* General monitoring : check status of components, record of machine status
» Stand-by with specific duties: answer to control room request, act on simple
intervention, assist expert teams during complicate / delicate interventions

» Stand-by must be trained !

CERN [ |
CH-1211 Geneva 23 \ /
Switzerland “ ~|
[ = . Monitoring report
\_k 1503404 ‘|
Author Date
Date: 11-12-2014 [Francos Bedors 10} 26/09/2014 =
= B
P
- Pi
TE-VSC Procedure : r . Piguet report
Procedure for the Operation Follow-up of the LHC and Author Date
Injector Complex Vacuum Systems Jasa Artowo Somoza ~| 28082014 =]
CorCirnE o = 0 — T o = Summary of observations and interventions
Abstract Piquet 1 Piquet 2 VCR Staff
[ —— = P — = e =
This document describes the tools and procedures for the daily follow-up of the LHC and all injector
vacuum systems, which are required to guarantee an aptimum efficiency of all systems. It is dedicated for et i ek s
use in the new Vacuum Monitoring Room (VMR). Based on the present vacuum control system, a step-to- g Lo
step procedure is given to survey the status of all machines comprising the LHC and the complete proton Prquet repart {Weskdy) =] ar 7 Closed I~
and heavy ion injector chain. The majority of the vacuum systems are contralled with PWSS. A table with
acronyms can be found in the Annex.
VPGFH.355.4R8.0
VPGFE. 201 .883.0
Beam VAHC Tns VIHE sPs [ Rooster  LINAC AD 1S0LDE Other
Author: Checked by: Approved by:
Eric PAGE, TE-VSC
Edgar MAHNER, TE-VSC Importont
Ludovic MOURIER, TE-VSC B b8 b e ormptn s e e e e - by S dtabe
Jose De La GAMA, TE-VSC s e Sub o it e o 1 4
Germana RIDDONE, TE-VSC
1. Date d'intervantion 1. Date of intervantion
2. Maurs d'oppal de hs £EC Tima of £CC gal
Machise, zena Macking, zone
4. Egupemant concirnd, ariging de prodline 4. Affectsd scuipmant, probleme taucs
5. Précence d'imeriock su noa 5. Irtwricch
6. Type d"intervention (nur ploce cu & dirtence) 6. Irturvantion type (on tite o remote)
T Tamps d'imervention & tarps de parts foiscanie T Tntarvention time & beon |2t tms

i phorse call from the CCE. T ntervention durny the Fuet's week
R

Procedures Daily and weekly Reports
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Pressure Follow-Up

* Expert monitoring: check general trends and track / resolve specific issues, follow

d H | d d t T I d h . t. & History: Arc extremity - Unbaked Cu [_ O] =]
ally an etallead macnine operation Y I e By B p E—
1E8 4 =
100608
[
VGPB.E9. PR2.R
VGPE. 180.7R8.R
< Vinais VGPE.514.7L3.6
= ouvertes
m [
2 WK 10 VGPB.ET.7L2.B
£ L00ER - * M o —
¢ 8 [
E A A g Y&PE, 875, 7L4.B
E om WG TLLE VGPE. 864, 7TR4.R
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Operation Follow-Up: Checking Design

» Checking that the system behave as expected: example synchrotron radiation
iInduced gas desorption

First Observation of Synchrotron Radiation: Aug-2010

* Pressure rise during the beam
energy ramp

i
alliemld Cleaning Effect under SR
] + Arc extremity’s vacuum gauges : unbaked Cu and cryogenic beam screen
e * Reduction by 2 orders of magnitude since October 2010
— Sotinaim 1606
e + 2 trends
»  Dynamic pressure increases with i o8
beam current i i N, n o = - Room temperature
* DeltaP =2 10-"0 mbar g T e = Cryogenic temperature
3 1E-08 T T
F N -04
ﬁ ‘."J-;.h' oC r )
1E-08 . e —

1.E-10
1E+20 1E+21 1E+22 1E+23 1E+24 1E+25

Photen dose (ph/m/fs)

» Inside the arc, at 5-20 K, deltaP < 101" mbar (i.e. below detection limit)

» The photodesorption yield at cryogenic temperature is estimated to be < 10* molecules/photon
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Operation Follow-Up: Expertise

« Assisting the control room during important phase of the commissioning: scrubbing
run periods

2011 Scrubbing Run with 50 ns Bunch Spacing

As expected, strong pressure reduction with time were observed

Baarn cleaning 9ol 1-4-2011 A
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JEOTeE il aoa ik
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' ¥ g T Dt Lo
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[ M ,i'”
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Which allowed to fill-in the machlne with nomlnal parameters the 7-12-2012 with 25

ns bunch spacing
27482748
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Global Performance with Beams

* Vacuum level with beams is within specifications
« 17 beam dumps in 2012 following sector valve closure,

for a total turnaround time of 52 h

G. Lanza, Proc Evian 2012.

2012: Integrated Luminosity ~ 23 b
(2011: 5 fb")

% LHC 2012 RUN (4 TeV/beam)

—o— ATLAS 23269 b
—4— CMS 23269107
20 H—— LHCB 2192 "'
=0— ALICE 9.678 pb™'
PRELIMINARY

ity (fo~")

15

10

']
Mar AprMay Jun, Jul Aug Sep Oct Nov Dec Jan
Month in 2012

patantatad 20130129 18 ulﬂcldr\q'll aan

e
Boson discovery

Long Straight Sections
» Reduction throughout the year while increasing beam intensities from 200 to 400 mA
» <P g> ~ 7 10710 mbar
2012: LHC LSS Average Pressure with Beam
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LHC Experiments

 Almost constant pressure during the year
* <Pyc Experiments > ~ 3 101" mbar

2012: LHC Experiments Average Pressure with Beam (IP only)
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3. Repairs, Consolidation &
Upgrade
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Fast Intervention: Ne venting

- Allow to reduce the recovery time minimising the impact of vacuum performance:

October 2010: Injection Septa in A6L2.B

Reverse mounting of a vacuum module during installation

Unfortunately, that was the injection area so RF fingers started to be damaged by the
incoming beam. A bump was needed to inject properly into LHC !

Ultra-pure Ne venting 19-10-2010 (wk42), allowed to resume operation in 3 days

N - Ne pump down ABL2.B
Beam BE LEO3
|
T P> e | .
| | LED4 g ! I
i1 — | |
H 5 1.E05 .
L Injecting B1 o+ VGPRERAE DA

mbar

LEOT h——

| —{ —L 106 ||« vePBASIZE
17.23 :

LEO8

LE-0®
1E-10

1.E-11 - 4 |
19-10 23:00 20-10 05:00 20-10 11:00 20-10 17:00 20-10 23:00 21-1005:00 21-10'11:00
Date

Transition tube installed in

_ reversed position
RF fingers

Fast recovery following RF bridge repair: operation resumed in 3 days
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Repair of Non-Conformities (2013-14)

* As a consequence of the previous repair, a systematic X-ray analysis of all the vacuum modules
was done: 1800 X-rays were taken during 2 years.

» The repair of 96 non-conform vacuum modules (~ 5% of the total) was needed to restore machine
impedance and to avoid pressure spikes/excursion (i.e. avoid beam dumps).

« 52 RT vacuum sectors impacted out of which 29 are opened during LS1 on purpose ( ~ 200 kCHf
manpower)

Non-conform:
reduction of aperture
iih increase.8f contag

Conform

Courtesy A. Vidal, J-M. Dalin EN-MME

=> Identify and classify the non-conformities
= Repair them !
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Pumping System Consolidation

» Consolidation of pumping scheme, main activities :

* reduce background to the experiments:
* NEG coating of RF bridges inserts located inside and in the vicinity of the LHC
experiments
180 inserts to replace

e minimise impact of radiation onto the personnel:
« installation of remotely powered NEG cartridge as complementary lumped pumping
system in collimators areas
* 190 D400 NEG cartridges to install

- Pumping speed multiplied by ~ 10
- Can be remotely re-activated

=» Identification and consolidation of weak points
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Specific Instrumentation

Vacuum Pilot Sectors — NEG Pilot Sectors

plieii}
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-
* -
sl 100 wlir175 alle
[ ] [ ) -
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: -E . . =
= L]
.g b L] . [ ]
e L] .
& L]
. » L
':"' + B =
. 3l danmunt
Liner
Vacuum Vacuum port
enveloppe
.uumm [t} oot nom om
NEG sticking foctor

B. Henrist et al., IPAC 2015
Pressure ratio yields the NEG sticking factor

=» Improve the understanding of the LHC vacuum system with dedicated diagnostic
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Upgrade to HL-LHC

* Integration of several functions in a single object of the low beta insertion (inner triplet):
* beam screen functionalities
* anti-multipactor coating
* cold mass shielding

Impract of debris onto IT+D1: shielded beam screen

¢ Operating temperature : 40 -60 K
16 mm absorbers in Q1, 6 mm absorbers from Q2 to D1

Tungsten blocks
(mechanically connected to the
beam screen tube)

Cooling tubes

* Design studies underway
*  Mechanical analysis : impact of quench, heat transfer, supporting system

@?ﬂ,é + Tests with tungsten prototypes

VSC Seminar. December 5th 2014, CERN 19

C. Garion et al., IPAC 2015
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4. Summary
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Summary

* Availability is a constant concern during the life of a system
* Availability of the LHC vacuum system relies on :

» Group Expertise (which must be maintained and continued to be developed)
* New concepts

* Studies

* Design

* Production & installation follow up: Quality Assurance Plan is a must

» General monitoring / support by stand-by

* Fill by fill and daily monitoring / support by experts

* Repair, consolidation and upgrade of the system

* All these activities are based on many technical, engineering and scientific skills which
must be available for the project to ensure availability !
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Credits & Acknowledgments

* The slides presented here are the fruit of the work of many CERN and
external collaborators who participated to the design and installation of the
LHC vacuum system under the successive directions of A.G. Mathewson, O.
Grdbner and P. Strubin

* Credits and warm thanks should be address also to J M. Jimenez and P.
Chiggiato for their constant support and to the TE-VSC-LBV team for its
iInvestment and fantastic commitment during installation of the LHC, RUNL1
and the Long Shutdown 1.
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Thank you for your attention !!!
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DE 08. 09 165 SE
— 106 3iil

Using Al foil as a blank flange to
challenge the “vacuum force”

Beam screens with soot in tunnel : C19R3

QBQ 14L4V2
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Back up slides
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Operation: Solenoids, a non-base line system

« Using expertise to solve unexpected issues: * Using creativity to reduce background in the
electron cloud with 150 ns bunch spacing experiments:
(in common beam pipes) ! wrapping solenoids to increase the

amount of anti-multipactor treated beam
pipe length from 10to 11 % ....

But....
First Observation of Electron Cloud : 29-9-2010 - Our colleagues from the machine operation and physics groups had a clever idea :
- The position at 45 m from the IP is the longest unbaked area (operating at RT) in 5 V\I"'ha; fbo"’t installing a solenoid everywhere in the machine to mitigate electron
LHC, so the first candidate to trigger electron cloud .... i
- So, in Nov 2010, we had to proposed the installation of solenoids around
experimental areas i.e. 20 km of cable to wound around a vacuum chamber !
107
10°®
10° \\
10—10
Fill 1444 powe 1
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Arc Beam Vacuum Consolidation

* Following sector 3-4 incident in September 2009
* ~ 850 rupture disk installation at each arc’s quadrupole (SSS) to mitigate bellows buckling in case of he inrush

186406 V 1 rupture disk at each extremity
1.6E+06
\\\
1.4E+06
= 1.2E+06 \\\ K
%‘ 1.0E+06 \\\ \
W 8.0E405 \\\\\\K‘ISSS over 3 \\ h
o 6.0E405 T+ ) .
= Eﬁf;:dbem\\ Protective half-shells for cryomagnet
T s interconnections
0 200 400 800 800 1000 1200
AllSSS Distance [m] Courtesy C. Garion

=» Protection of the system against co-lateral damaged
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