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Part 1
Introduction




d)

The vacuum system design philosophy depends on the type of
accelerator: circular storage rings and linear accelerators have in
general different vacuum requirements and therefore very different
chamber geometries

A storage ring has to keep the beam(s) stored for up to tens of hours,
while linear colliders have much shorter beam transit and vacuum feed-
back times (although the repetition rate plays a role)

The geometry of the chamber is generally much dependent on other
accelerator components' design and requirements: in particular, the
vacuum chamber cross-section is a balance between i) the beam size
envelope (with related sigmas, orbit displacements, and alignment
tolerances) and ii) the inscribed circle of the quadrupoles (and/or gap
opening of the dipoles). Designing the largest possible cross-section
(i.e. conductance) by maximizing i) and minimizing ii) is one of the most
important steps leading to a successful vacuum system design

A clear difference in chamber geometry stems also from the magnet
technology, i.e. superconducting (SC) technology vs room-temperature
(RT) one. By their very nature SC magnets call for circular geometries
(e.g. LHC) while RT magnets usually have an “open” geometry which
leaves more freedom to the design of the vacuum chamber (e.g.
synchrotron radiation (SR) light sources)




e) The material chosen for the fabrication of the vacuum chamber also
plays and important role in the design, as it dictates the thickness
of the vacuum chamber, and its capability to be baked (and
therefore the attendant outgassing rate and ultimate gas
composition)

f) The beam lifetime requirements dictate the highest average pressure
tolerated by the beam or the experiments (background, radiation
damage, etc..). This parameter, coupled with the previous ones
determines the minimum effective pumping speed which has to be
attained at the end of the machine commissioning phase. The
equation S ¢:=(1/S,,+1/C) ! tells the designer what pumping speed
will need to be installed, and this relation makes it clear the
importance of maximizing the (specific) conductance of the vacuum
chamber, in order to reduce capital costs

g) Vacuum-wise, there are two types of vacuum chambers: “cylindrical”
ones, where the cross-section stays +/- the same over its length
(e.g. LHC arcs, transfer lines), and “variable cross-section” ones,
where the cross-section changes frequently (e.g. SR light sources)




An SPS-to-LHC Transfer Line in the Accelerator
Complex

Flange

« Pump (sputter ion pump)
installed on " T"
cohnection

|
Courtesy: P. Chiggiato Beam pipe




h) For a wider review of most of the analytical and numerical methods,
see the two CERN Accelerator School courses related to vacuum
technology, which can be found here

1. CAS - CERN Accelerator School and ALBA Synchrotron Light
Facility : Course on Vacuum in Accelerators CAS 2007-003
http://cds.cern.ch/record/923393?In=en p.285

2. CAS - CERN Accelerator School: Vacuum Technology CAS 99-05
http://cds.cern.ch/record/402784?In=en p.127

i) The “"smoothness” of the vacuum chamber, i.e. the way the cross-
section changes along the beam path, is often an important issue:
the beam does not generally like sudden changes in cross-section, as
they may lead to high-order mode (HOM) losses and beam impedance

issues. To this aim, so called "tapers” become mandatory: there is
an extensive literature of both numerical and experimental
assessments of the beam impedance contribution due to these
tapers. Similar arguments apply to the RF continuity of the vacuum
chamber, e.g. contact fingers inside corrugated bellows used for
taking care of chambers’ alignment and their thermal elongation



http://cds.cern.ch/record/923393?ln=en
http://cds.cern.ch/record/402784?ln=en
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j) Different types of accelerators are affected by different types of
outgassing profiles:

1. Static thermal outgassing (e.g. unbaked transfer lines)

2. SR-induced outgassing (e.g. light sources, e*e- B-factories,
LHC at energies>2.0~2.5 TeV)

3. Ion-induced outgassing (e.g. LHC)
4. Electron cloud-induced desorption (e.g. SPS, LHC)
5. Cryogenic “recycling” (e.g. LHC)

6. Combination of all or some of the above (e.g. LHC, which can
be affected by all of them)

This presentation will focus mainly on the analysis and
conceptual design of the geometry of the vacuum

chamber vs the type of accelerator, and its effects on
the pressure profiles




Part 2
Analytical and Numerical Methods




a) At the onset of accelerator technology, several analytical formulae
have been obtained by physicists and engineers working on vacuum
systems, for the calculation of:

b)

1.
2.
3.
4.

Conductances
Pumping speeds
Outgassing rates
Pressure profiles

As the accelerators have evolved and diversified during the following
decades, the limits of the analytical methods have become clear, and
several numerical algorithms have been devised:

1.
2.
3.
4.

Continuity Principle of Gas Flow (CPoGF)
Finite-Elements

Applications of Diffusion Equations
Montecarlo Simulations (MC)

In particular, the exponential improvement in computing power and
the dramatic decrease of hardware costs have put the MC method in
front of the others, allowing a direct transfer of CAD geometries to
the MC simulation software, thus streamlining design & integration
issues




The Flow of Highly Rarefied Gases through

Tubes of Arbitrary Length
P. Clausing

Nataurkundiy Laberaterdum, N, V. Philipy' Slordam peafabrickes, Bindbarrn, The Neiberlonds

Recmived 26 November 1950)

Bgater's Mot Dranslaied from e Germam [Ona, Phpsk () 13, 80 (00320 ). Simee ohis clasedis
Baper ir wefererd b g Srapeenidy by sorbers o daisem foknalag it br heen decided o Snbid as
Hagliah ranskalivs, TR e e lavias mad sady amailable e gl e rovrien s of Ferce Tnatramsear, Mad,

whe als swpporied ils pubtioario.

Condenis

{11 The expressioms of Koudsen, v, Smolachoeski,
and Dushman for steady-siate moke
transformation of the equations w kinetic varialles,
iransmission probabilivy ; {111} derivation of the
Ihashmsan formala; (IWh the problem of the short,
round cytindrical tube; (V) the problem of the lang,
rourd cylindrical tube; (VI) the application of the
fow equation in high-vicuum engineering ; summury.

I. The Expressions of Knudsen, v. Smoluchowski,
and Dushman for Steady-State Molecular Flow

Kniedsen' bae given the follvwing expression [ar the
steady Bow of a highly rarelied gas throegh a tube of
arbitrary cross section

Erhy 31
Ja= [:) ——(fa— Pl i)
Jured af (i b

wheré S is the amount of gas Bow per secorsd , measured

by the volume it wankl cecupy at unit peessure, § @
1 pressaie, 5 e the cross-

the density ol e gas @
eectional area of tube, 5 is the ciroumberenee of the
crows soction, and L is the bength of the tabe. g and g,
are the pressyrets in the %o vilpmis conmectod by
the nuiher, s we assumc that che first i always o the
left of the sccomd [the indices | and T in this article
refer exclimively ta the pwo valuwmses).

Far the derivatson it 1s assamid that L s very lirge
im comparisen bath ty the transverse dimensions of the
cros section of the tube os well as to the mean free
path al the moktiles, amd further, that the maliciles
beaye the wall of the tube difusely in accordance with
the comine Law.?

For a long clreular cylimdrical tube with radius s,

kxp. £1) gives
HIrh & ]

I T o
For an orifie in a very thin wall, Knodsen® found

S =5 (gl 1 — ), E}
which givies for a circular opening

F= (w20l — pa). {4

KL v, Smolichowsk!’ has showa that B (1) dg net
oarrect and that it shoald be repleced with

7 1 A L .
:-n__l.-]-il .?_ . ..1‘_'1 D=l

lh|||;.'|_'
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im which p represenis @ chord of the cross secrion,
which forms an naegle & with the sormal at 459 11 is
probably sucdental that Eqo (3} is comrect; for the
enrfular evlbinder the error of the Knwdsen eyuation
ia romerand,

As arated, Biga. (2) and (33 appdy anly Tof relatively
bong tulbes. When L=0 the result would be oleat
J=w i both cascs dustead of changing e Eq. (3).

Ikishmae®™ was the st o Propose an Cxprossion
which appliess nko to éhort tubes amd which, for
Fo=ik, does not give F=«, bot raither Eg. (3}, (Faor
practical rezsons Dushman considersd coly croular
evlindrical tubes amd round orifices )

A seeomd expression has been derved by the
author 0" Alghough it gives the same results as the
Dushman formuda for Lr =0 and Lfre = [Knslsen's
Eua, (3 amd (4], the two equations diviate consider-
ably from each other o the mermediate region. o

!|,;|"|.|.l-.ﬂ|.|'ﬂ|lr. i85

il

it THE JOURMAL OF WAGUUM SCIENCE AMD TECHNOLOGY VOL, 8 HNOL 5

a.1l) Conductances
« P. Clausing (1931)
« W Steckelmacher (1966)

Vacuum/fvolume 16/number 11. Pergamon Press Lid{Printed in Great Britain

A review of the molecular flow conductance for
systems of tubes and components and the
measurement of pumping speed

W Steckelmacher, Edwards High Vacuem Indernaifonel Lid, Manar Ropal, Crandey, Sussex
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b.1) Pressure profile

. Y. Li (1995): example of FEM for calculation of pressure profiles in the CESR accelerator

(Cornell Univ., USA)

Pressure Profile Calculations
by the Finite Element Method

Yulin Li
Wilson Synchretron Laboratory, Comell University
February 4, 19935

§1. The Method

For a complicated vacuum system such as one like CESE, it is very difficult, if possible,
to calculate the pressure profile amalytically. The fimite element method is therefore widely
adopted to caleulate the pressure distributions i large complicated vacuum systems. In this
method, the CESE. vacuum system 15 divided to n elements. The length of each element is small
enough that the pressure can be consider uniform in the element. At equilibrium condition, the
net mass flow for all elements should be zero. At equilibrium condition, as explained by
figure 1, one can easily write the pressure equations as

Ci(Piy =P+ G (P — i)+ s = 5P =1.2...m (@

where C; and Cj+) are the gas conductance between element i and i-] and between element i and
i+1, respectively; Q; is the gas load (thermal or/and SE-induced desorption, etc.) of element i,
and 5; 1s the pumping speed of element i. Molecular flow condition is also assumed throughout
this note.

Figure 1 Finite-element method

§3. Calculation of the Pressure Profile by Iteration Method
Eqgs. (3). (5), and (6) can be rewritten as followings.
§3.1 The periodic boundary condition

P, =ﬁ(qm +CyPy +0))
P, = C s Ci_] .S (C,P;y+C, Py +0,)
Pm e s G+ Coat +0)
§3.2 The smooth boundary condition
Pl:C ISI(C2P1+Q1
P; = C o+ C;l'+1 'S, (CiPiy + CiyPiy +0Q;)
P, = C, JlrS (CpPyi +0O,)
$3.3 The fixed boundary condition
P, =m(czpz +(0,+C,Py)
P; = C =+ C;1'+1 S (CiPisy + Cig Piy + Op)
e Cl 5 CoPant + Q0+ CiPpa)

https://www.classe.cornell.edu/public/CBN/1997/CBN97-7/cbn97-7.pdf



https://www.classe.cornell.edu/public/CBN/1997/CBN97-7/cbn97-7.pdf

b.1) Pressure profile
. Y. Li (1995): example of FEM for calculation of pressure profiles in the CESR accelerator

(Cornell Univ., USA)

In CESR/CLEQO HEP IT operations, an experiment was conducted to probe

the HEP detector background sensitivity to pressure distribution

10 I | | | | | |
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o In the experiment, a CO gas was introduced to create a pressure bump”, and fon pumps
(2 LPs, 4 DIPs) were turned off sequentially to spread the bump. A probe electron beam
was sent through the bump to measure detector background.

o Pressure profiles were calculated and compared to the measured pressures, with ion
pump speed's pressure dependence taking into account.

o The results helped design of background masks for the CESR/CLEQ III upgrade.

=2 Courtesy of Y. Li, LAPP, Cornell University, see ref., session 5.1



https://www.classe.cornell.edu/public/CBN/1997/CBN97-7/cbn97-7.pdf

a.2) Pumping speeds | MASSIVE TITANIUM SUBLIMATION PUMPING IN THE CESR | | abstract

INTERACTION REGION
R- Ker‘sevan 31' Gl . The residual gas pressure within 30 m of the
(1997) N.B. Mistrv, R. Kersevan and Yulin Li. interaction point (IP) at the et collider CESR is
; maintained in the low nanotorr range despite the high

Laboratory of Nuclear Studies. Comell University. Ithaca. NY 14853 USA !
zas loads produced by the intense flux of synchrotron

radiation from the electron and positron beams. A low

] Sauge CESR: e+e- COIlider‘, pressure is necessary in order fo minimize the

experimental backgrounds due fo beam gas scattering.

Char'm.)gr / \ 5.3 GeV/beam Within 12 m of the IP. the vacuum chambers

incorporate large pumping plenums with massive
H d titanium sublimation pumping to provide the necessary

- . . = . .
B meson s.rUdles an pumping speed and capacity. Operating experience over
the last two years has shown that this method of

' pOf'GS i"'iC ' SR I igh"' pumping is efficient and inexpensive.
source

3.33m 107

- 431 mm Dia :
Figure 1. The Q1 titanium pump chamber. Above, view
along beam. Below, cross-section looking down

/
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CNLA Pl - /’ Figure 8: The calculated profile of the beam induced
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- - /M Flux Density Total Flux CO GasLoad 122mA €' in CESR. Note that the AP measured and
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systems and components, MOLFLOW

of GPUs, © 2009 American Vacuwum Society. [DOL: 10.1116/1.3153280]

The authors present here the description of the main features of MOLFLOW+,
package that allows the calculation of several physical quantities of intercst (o vacuum enginecrs
and scientists, such as pressure profiles, effective pumping speeds, adsorption distnibutions, angle of
incidence or effusion profiles, and more. MOLFLOW + is & follow up to the code MOLFLOW, which has
been developed by one of us since 1991, and used for the analysis and design of many vacuum
makes use of modern trends such as OpenGL graphic

Introduction to MOLFLOW+: New graphical processing unit-based Monte
Carlo code for simulating molecular flows and for calculating angular
coefficients in the compute unified device architecture environment

a new software

interface, multicore processors, graphical processing units (GPUs), and runs under different
operating systems, In addition 1o implementing the test-particle Monte Carlo (TPMC) algorithm, as
done previously in MOLFLOW, MOLFLOW+ also implements an alternate algonthm, the angular
coefficient (AC) method. This article goes nto some details of the TPMC and AC methods as
implemented in MOLFLOW +, shows results of benchmark runs and comparisons with published
numerical and analytical data, and discusses the advantages and disadvantages of the two methods.
CUDA is the compute unified device architecture, a C+ +-like development environment for a class

b.4) Test-Particle Montecarlo
(TPMC) simulations

. R. Kersevan et al. (2008);

. R. Kersevan, M. Ady (2012-);
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Status of the FRIB Driver Linac Vacuum
Calculations

DRAFT, version 0.9
January 15, 2013

Abstract

The Facility for Rare [sotope Beaene (FRIRY 2 atsesnpevetecloaitlone
heawy 1om lmear acoclerntor that s
bility for low encrgy nisclesr scwen

ARTEMIS

linae newds to nehiove o very higl
power ), and thix requaroment masks
Vacuum caleulations have been ca
tom design meets the requireinents
of the methods usesd for FRIB vacs

for soene iteresting sectyons of the

Beam Delivery
System To Target

Room-Temperature  $=0.085 Matching 12 =0.29 Cryomodules 18 p=0.53 Cryomodules 10 m Vertical Drop from
Folding Segment Cryomodule lon Sources (above ground)

b.4) Test-Particle Montecarlo (TPMC) simulations
. B.Durickovic, R. Kersevan, P.Gibson, Vacuum 104,
Bojan Purickovic®! Paul Gibson* Roberto Kersevan? June 2014: Pages 13—21

Location 1 dover bnac Average Pressure  Comment

[Torr
FE lom Source Injection Region <3x10°T
FE loa Source Extraction Region 1x10°7
FE Charge Selection System <3x10°"
FE LEBT 5x10°°
FE RFQ ax 10"
FE MEBT <1x10°®
Ls1 <b5x10°° Its the warm regsons
FS1 Charge Stripping section <l1x10°* Near the nmtcding CMs
FS1 Charge Stripping section <1x10°® Near the Li stripper
FS1 Bewin Bending Section 5x 10" After the second 45°dipole
¥FS1 Matching Section 5x 10"
Ls2 <5x107" In the warm regons
FS2 <1x10-"®
Ls3 <5x10°" In the warm regons
LS3 Beam Transport Sectson <1x10"%
BDS <1x10°®

Iable 1: Fri# dnver hnae vacunm requirements: beam lme vacuum pressure
during operation [1]. The Charge Strpping section requirements are based on
lithinem charge stripping. (FE=Fromt End, LS~Linae Segment, FS~Folding
Sezment, BDS= Beam Delivery Segment )

Figure 11: Layout of the FRIB driver accelerator at the tunnel level.

Figure 1: FRIB driver linac
https://accelconf.web.cern.ch/accelconf/HIAT2012/papers/mob01.pdf

3.6  Transmission rate calculations

In the Front End, we considered transnission rates in conjunction with required
pressuare Tovels, The main soarce of beamn Joss is change exchange (eloctron
pickup from residual gas) X5+ R —3 X7 4 R7, whero X7 is the nconlerated
beam jom {in charge state ¢), and R designates the residual gas. The beam
transmisson 1s given by

i
T rxp( / noge |d:). (1)

where z s the length coordinate along the beam axis, L s the beam bine length,
n = n(2) 1 the residual gns concentration, Tqq-1 I8 the charge exchange cross

soction given by Salzboen and Muller [2:

’ vrf 4 2 p
To0-1 143 x 107 % ¢ W) cm” (2)

und [ is the first jonuzation potentinl of the ressdunl gus. The charge pickup
cross section decrenses with energy if energy is higher than a few tens keV, but
the heawm energy up to the rudio frequency quadrupaole (RPQ) i Tow enaugh that
this formula applies

Aim: minimize charge-exchange

ionization losses


https://accelconf.web.cern.ch/accelconf/HIAT2012/papers/mob01.pdf

b.4) Test-Particle Montecarlo (TPMC) simulations (Molflow+)
B.Durickovic, R. Kersevan, P.Gibson, Vacuum 104, June 2014, Pages 13-21

Mostly an in-vacuum electrostatic electrodes design
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Figure 4: Front End: vacuum chamber (inper) walls around the analyzi
net with the pumping port. (Beam direction: right to left)

RFQ entrance -

Fig. 5. Front End: view of the vacuum chamber (inner) walls around the analyzing
magnet with the pumping port (snapshot from MolFlow+). Beam direction: right to
left. The distribution of oxygen dumped on the walls in the model is shown in red.
Along the beam trajectory are the test facets that record test-particle hits. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

Figure 2: Front End: Model of the heam line vacuum
source to the RFQ entrance. Yellow: quadrupaoles, bly




Part 3
Vacuum Chamber Geometries
By Examples




a) As mentioned before, different accelerators come with different
vacuum chamber geometries

b) Most often it is the cross-section's size which is different. Some
extreme examples are:

1. The Spallation Neutron Source (SNS) accumulation ring has a
round circular cross-section of large internal diameter (ID~260
mm)

2. One of the proposed geometries for the CLIC quadrupoles linac

has a "butterfly” cross-section (so called “"double antechamber”),
with a central circular pipe of 9.6 mm ID

3. The LHCb experimental chamber has a conical shape with ID
going from 50 to 260 mm

4. The insertion device (ID) vacuum chambers of the ESRF light
source have an elliptical cross-section of 57x8 mm? (HxV) axis

5. LHC SC dipole arc sections: 1.9K cold bore with inserted 5-20K
beam screen with pumping slots. Material is stainless steel, with
co-laminated copper coating on the inside and sawtooth SR
absorber




1. The Spallation Neutron Source (SNS) accumulator
ring has a round circular cross-section of large
inter‘nal diameter‘ (ID"‘ 260 mm) DESIGN OF THE 858 ACCUMULATOR RING VACUUM SYSTEMS®

H.C. Hseuh®, ©.J. Liaw, M. Mapes. BNL, Upton, WY 11973

Procesdings of the 1999 Pamscle Acceleraior Conference. Mew York, 1999

Accumulator : I 1 u
A+ Ring \__,_— n — -
Ring Injection 1
Dump \ Ring Service L 100765
____________ \
I Dimensicn Inch) 1

( = = \ Building
SECTION B-B
NS ] RTBT - o )
( — / Fig.1 Design of Arc Halfcell Chamber
HEBT 7 '—'] 0.50

Extraction 0 = 101011 Tombs.cm*2
@ Dum 0.85 4 Fainless Siesl Chamber 40% H2, A0% HOO), 20% GO
f \ R Ha In-situ Bake X5 = 500 s
n= F

HEBT Service RTBT/Target

Building RTBT Service \ Interface E
Building ‘/ = =
— 7 P - "::;,'; 5 E
5 k Linac : : £
R:ipgm Bl Dump )
Target s

Figure 1: Accelerator Ring Lattice.

Longéudinal Cistance (cm)
Fig. 3. Pressure in Ring Arc Seciors without beam
and with Deam using different jon desorplicon coefficients




2. One of the proposed geometries for the CLIC quadrupoles linac has a “butterfly”
cross-section, with a central circular pipe of ;0 mm OD

Frocesdings of PAUH, Vancosver, BU, Canada AR FIHT / APOTION BB
DESIGN OF THE CLIC QUADRUPOLE VACUUM CHAMEBERS OMLE pet
O Ganon. H- Eos, CERN, Geneva, Switzerland . ] 1]

LEFE)

L '."i-"' hhhhﬁu T . g‘“ﬁ
| -, TR N
: SR S 1
- —F g|
. 7

[13.7]

Spacer

e, [=18] [m1] ﬁf"&.ﬂ

NEG strip NEG support

ALL ARDUHE

Figure 1: Concept of the vacuum chamber
-~ This profil Aas to be adjust with tha flange

B—{=ln.04]a)

The effective pumping speed per unit length of the central
part is defined as:

1 1 1

- = —
Sy S C,

with § the pumping speed of unit length of NEG strip. C,
stands for the unit conductance of the gap between the
central part and the antechamber. It is obtained from the
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with L the length of the duct. 7 and w denote the height

and the width of the duct, respectively. V' is the average

molecular velocity. In our case. /I << 1" thus the unit
conductance of the gap C- can be written as:
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Figure 4: Test set-up of the vacuum chamber




TPMC/Molflow+ calculation of the specific conductance of the CLIC quadrupole cross-
section (method 1): one plane of symmetry (w/ mirror reflection), 3 of the chamber is
modeled: Molecules are generated on entrance (on the left), pumped at entrance and exit
(sticking=1). ratio of exiting to generated molecules is the transmission probability P g,
P1r=0.01645; Specific conductance is obtained by multiplying Py by entrance area (cm?)

by 11.77 (I/s/cm?) (N, gas at 20 €): C,,. = 2.626 (I-m/s)
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By comparison, the Tr'ansmission probability of the round tube onl;u |
would be, P;;=0.01253; Specific conductance obtained by multiplying

Prr by entrance area (0.694 cm?) and by 11.77 (I/s/cm?) (N, gas at -
20 C): i

Copec = 0.1023 (I:'m/s) (only 3.9% of the “"butterfly” profile) ..
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2. TPMC/Molflow+ calculation of the specific conductance of the CLIC quadrupole cross-
section (method 2); Molecules are generated on all solid surfaces, pumped at entrance
and exit (sticking=0.5). Fit to analytic "parabolic model” pressure profile gives the
specific conductance in (I-m/s), by taking -3 of the reciprocal of the second order

coefficient of the fit,and dividing by length in meters: Cg,.c = 2.591 (I-m/s) (~ 1.4%
smaller than value obtained with method 1)
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3. The LHCb experimental chamber has a conical shape with ID going from
50 to 260 mm, and it is made out of thin (and very expensivel) beryllium
(courtesy M.A.Gadllilee)
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4. Many insertion device (ID) vacuum chambers of the ESRF light
source have an elliptical cross-section of 57x8 mm? (HxV) axis,

made out of extruded aluminium (seen here with other extrusions)
| — . S
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BO"US Sllde « Undulators at the ESRF

Vacuum chamber
(approx. 300 mm ID)
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magnet ar'r'ays are moved up . T - N‘ o \ ,;,
and down to "tune” the energy 0 P ek / '

of the SR generated; the | \ORS 2S5 ZDD
minimum vertical gap is 10.5 mm i S .
External chamber vertical size: In-vacuum cryogenic U"dmﬂTO"‘- no

10 mm "internal” chamber wall, minimum gap down

to 6 mm




5. LHC SC dipole arc sections: 1.9K cold bore with inserted 5-20 K beam
screen with pumping slots. Material is stainless steel, with co-laminated
copper coating on the inside and sawtooth SR absorber

BEAM SCREEN AT 5520 K
USING 2 COOLING CHANNELS

LHC “beam screen”:

|

|

|

Linear power density: 14 mW/m @ 3.5 TeV |
222 mW/m @ 7.0 TeV :

|
|

COLD BORE 1.9K |

TO PROVIDE PUMPING BY THE
19K COLD BORE




LHC SC dipole arc sections: 1.9K cold bore with inserted 5-20 K beam
screen with pumping slots. Note the uneven adsorption profile on the
cold-bore (sticking=1, “perfect” cryogenic pumping at T=1.9 K): Molflow+
model; BEAM SCREEN AT 5 »20 K

USING 2 COOLING CHANNELS
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4. Conclusions
The design of an accelerator's vacuum system proceeds in steps & loops:

a) Get required base pressure from machine physicists (and/or experiments)
b) Define physical and functional interfaces with other subsystems influencing
vacuum (magnets, RF devices, beam instrumentation, machine optics, etc...)
c) Identify all possible mechanisms and sources of outgassing
d) Draft the cross-section of the "best" vacuum chamber profile, in terms of
conductances and pumping speeds
e) Create a first model of the vacuum system
f) Run simulations and get pressure profiles
g) IF average (and/or local) pressure or density satisfy physics requirement...
THEN proceed with initial CAD integration work
ELSE go back to b) and loop
g) Choose materials, fabrication procedures, vendors compatible with budget
(if too_expensive you may need to go back to c)!)
h) Ready to start prototyping: IF OK proceed ELSE go back to g)
i) Fabrication (validation, testing, etc...)
J) Installation
k) Commissioning
) Operation
Congratulations... you are done: NEXT PROJECT? ©
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