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Goal: short introduction on the vacuum field (surface science, gas
dynamics, simulations, vacuum instrumentation...) and the science and
engineering for a larger “user facility.”

Justification: why do we need vacuum?

“the surrounding gas can interfere on the desirable process, it means,
it 1s a requisite part of the process or/and an integral part of a product”

Ex: heat transfer, vaporization, chemical/physical reactions or effects,
protection...
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Introduction:

Pressure range of earth’s atmosphere
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Vacuum Terms (ISO 3529/1)

“A commonly used
100KPa- 100 Pa (1000 mbar - 1 mber) low (roUGR)vaoUm 114 doseribe the

100 Pa - 0,1 Pa (1 mbar - 10-* mbar) medium vacuum state of a rarefied gas
< 10 pPa (abaixo de 107 mbar) ultra-high vacuum (UHV) ~ corresponding to such

a state, associated with
density below the

prevailing atmospheric
Temperature : 0 ° C level”

Pressure : 101,325 Pa (= 1,013.25 mbar)
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P.V=N.R.T ""’/

P = pressure [Pa] .

V — VOmUIG [m3] 2 Temperature (K)

Absolute zero

N = amount of substance [mol]
R = universal gas constant (k. N,) [8.314 J. K-'mol']
T = temperature [K]
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How many molecules we have at the surface of a cube of 1 liter? A. GAM ERN-g,

Place one molecule of nitrogem by side another over the cube surface ewson

(definition of monolayers).

6 side =0.010 x 0.010 x 6 = 0.06 m?

1. =173.10"molecule/m?
37.1010x37 . 1010

0.06x7.3.10%=4.4.10" molecules

The molecular diameters are measured in Angstrom (1 A=10-10m).
Diameter of nitrogen molecule : 3.7 A
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Class “0” of vacuum : pressure equivalent (ess ) s,

What is one monolayer of gas as pressure equivalent?

Using the ideal gas law at standard conditions for temperature and
pressure (STP):

10° Pa (1 atm) at 273.15 K (0° C)

2.69 . 1022 molecules in 1 liter.

438. 10" x 101,325 = 1.65 Pa (1.65 . 10> mbar) medium vacuum!!
2.69 . 10%
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Class “0” of vacuum : gas in solid solution (egg ) s

How much gas we have in solid solution (1 liter) on stainless steel (SS) 304?

Typical value (ASTM handbook) for nitrogen on austenitic phase 1s 150 ppm
in weight. SS304 density: 8 . 103 g/liter

150 ppm = 1150% x 8 .10 =1.20 g/liter

Using the ideal gas law at STP :
2.69 . 10%? molecules in 1 liter => 4.77 . 102 *2.69.10%2=1.28 g
= 150 ppm of nitrogen in SS304 is equivalent of 1 bar atmosphere!!

* 1 molecule of nitrogen weight =4.77 . 103 g
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Regimes and simulations ess) ) o

Knudsen number (Kn): is a dimensionless number defined as the ratio of
the molecular mean free path length to a representative physical length scale*

A = mean free path L = representative physical length

Vacuum range Pa [N/m?] Mean free Kn Kn
path [m] for 10 m for 0.1 m

0.1 Pa-10 pPa 6.7.102 — — -
(10 mbar - 107 mbar) 6.7.102 6.7.10" 6.7.103

Kn >>1 hydrodynamics regime (Navies-Stokes commercial software)
Kn << 1 free molecular regime (Monte Carlo MOLFLOW, Angular
Coefficient COMSOL/Fluid Flow module, MATHCAD...)

Kn = 1 transitional regime (COMSOL/Multiphysics, academic software,
MATHCAD, private calculations... )
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By Roberto Kersevan (CERN), more than 20 years of development for
synchrotron accelerators.

- steady state and transient,
- only molecular regime,
- temperature,

- accept external files STL,
- possible to couple synchrotron
radiation,
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COMSOL/Multiphysics ess )

Model Low-Pressure e g e o
Gas Flow in Vacuum e pne—p ey i—————
Systems with the ey
Molecular Flow S ———
Module R

Single tool allows to simulate all range of I
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Ex. Target monolith Vessel and RFQ
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Ex: Generic long Instrument
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Ex: ESS Vacuum System ess ) e

Target .
Normal Conductivity LINAC  Cold LINAC g ‘ Q

The ESS organization charges the ESS Vacuum

Section (VS) with the responsibility for all ESS
vacuum systems (vacuum instruments and

Control System) including not only the

Accelerator, but also the TARGET and the oo
Neutron Instruments. instruments

The main task of the ESS VG is to support the in
kind contributions on the vacuum system and the
integrated vacuum design of the ESS complex.
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Ex: ESS Vacuum System €55 )

Normal Conductivity LINAC Cold LINAC

E3-E6D-C- -~CD-CIED-EXN-
.., \.; \.‘; \‘; {; 1:,\
7S naVv ) 6 Mav 210 MeV X0 MaeV

0O MaeV 861 MeV 20

Justification: integrated design of the vacuum system, simplify,

common components, reduce maintenance and training, lower number
of hardware spare parts, create scale to lower costs (Framework
Agreements), simplify interfaces with other sub-systems (EX: ICS, MPS,
PSS interface).

It means, support the collaborations on Neutron Instrument to work on their

specific needs looking from the ESS long term operation in a most cost
effective way.

Q)
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Vacuum Standardization, an Integrated

Approach

Working closely with our partners across the
project one of our primary goals was to promote
the use of common vacuum equipment and

standards. As a result a Vacuum Standardization
meeting was held in February 2014 where
equipment suitable for Standardization was
agreed and reflected in the ESS Vacuum
Handbook.

An important element of this Standardization is
the Procurement Policy applied for the
procurement of all “major” vacuum equipment.
The primary objective of the program is to

develop a list of standard vacuum equipment for
use project wide to minimize project costs,
reduce spares holdings, training and achieve
other benefits of standardization.

Sep 20, 2018 ISNIE 2018 Summer School

The [urcpean Spallation Source (I55) 5 an acorerston-Gariven Neutron spaliation
sowrce. The Bneer acosferator (LINAC) of which s a otical component. The role of
the accelerator i 1o Creats Drotons at the Ion sourcs, acoslerates them to an
agpropriate erergy, and stoers them onto the target 1o create neutrons via the
speliation process for use Dy & suite of resserch natruments.

2 SCOPE

The E55 Vecuum Mardbook comprines four (4) parts:

ESS Vaouum Handbook Part 1 -~ General Requirements for the ESS Technical Vacuum
Svsterms,

£S5 Vacuum Handbook Part 2 - Vacuum Equipment Standardzation,
£S5 Vacuum Handbook Part 3 « Vacuum Desgn & Fabrication, and
ESS Vaouum Handbook Part 4 ~ Vacuum Test Manuad

This Vacuum Mandbook (V) part 1 provides guidelines, and rposes reguirements
where necessary, for the definiion of eQuipment and Drocesses assocated with the
VaCUUM Systems of the Acosterator, Target and Neutron [Instruments. The Vi s
agpiicable to &l vacuum COMPOnents and Systams exposed 0 & Sechrical vacuum
eTronTTere.

Thin VW 2 level 2 reguirerment, & %0 ensure that cormmtent standerds are employed
Iroughout ol The scceferator, Warget and NeUlron INSTrument vacuu™ systerss and
hardware

This W wil be perodcaly vpdated throughout the e of the ESS project

Al gueries or addtionsl INformation concmming the corterts of thin MandBook should
be addressed %o e ESS Vaouum Croug Section Leader (VOL)

3. REPONSABILITIES

The E95 vacum team Ras over sl renguonateity for ol techvs sl visouasm wysterms
sed on the Acceerator, Target and Neutron Scattering Instrument Systerrs and has
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Vacuum Control System ess )

Control Room

CS systems

(Timing, MPS,..) CS Services

(

CS Core
Vacuum CS

Control Boxes

Vacuum system control box

Domain
ICS team
sponsibility

Vacuum system

acuum team
responsibility
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Monolith Port Block Package less ),
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Vionolith port

block
shielding

Consists of vacuum
chambers with radiation

shielding in between.
The Inserts and Plugs
Broton beam jIN I~ are placed and aligned

window port block within the chamber.
Neutron beam window

shielding
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ESS Lead Partners for Instrument Construction ==
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Vacuum Standardization, an Integrated

Approach: Neutron Instrument

Working closely with the Neutron
Instruments across the project to

promote the use of common vacuum

Introduction

N'ﬂmﬁumm.nmdmmh»
10 be taken for Bhe vacuu™ systems of the neutron s
covered under the following work packages:

EUROPEAN
SPALLATION
SOURCE

NMX Instrument Vacuum Systems

te“ac
ste™

: ol
equipment and standards. Every pr——

Neutron Instrument shall have a o “umer\‘ :\be x\r\esi;"edu““g
Vacuum interface document to specify vey y\ne L 10 desgsx and

the details of the vacuum system E ooumettork, ©

following all necessary rules at ESS site 99 jge ©
(Ex: bunker requirements). S n

The Vacuum Team support a wikj ﬁaﬁ o weven e
to simplify the communlcatlons with the myroms e 4
in kind on the vacuum documents and -
support. e
Ex: LOKI and NMX instruments et v

toom. Some m
https://confluence.esss.lu.se/display/VG/Neutron+Instruments

~wxl SANS Instrument Vacuum Systems

Introduction

The folowing documert prowides an overvies of e approch that & proposes
to be tahen for e vacuum systems of The neuton nstrument, LOKI SANS
which are covernd under e fliomig work Dackages.

136.3.1.9 Vacuum System
136.3.1.9.1 Beam Defvery Systers Vacuus Systers

136.3.1.9.2 Copper Vaouusm System
136.3.1.9.) Colimation Vaouum System
1363194 Agit Tube Vacuum System (located n the Pstrument cave)
136.3.3.3 Vacuum System
136.3.1.1.2 Detectior Vessel Vacuu™ Syste
Vacuum Implementation Plan
Generol
Desgn and Manufacturng

The ESS vacuum e wil provide gudance and review of the design of o

components exposed 10 vacuum, ths wil nclude materd sefection, jont design
wtere Rk sl atr ' a2 srvvainsl of e strnastesl Fherwly of e
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LoKI — SANS Instrument AN

- Interface
document for

Instruments
already in

discussion,

- Standardization
model in place

Gate

Chopper

: Gate -
Wi Pit 1 valve  Chopper Target valve Iat
INAG Chopper Pit 2 : sample : Sample
Target Choppeffl Collimators Sa!ppc)lhl re positioning
~ window Gat Detectors
|\/|0n0| %»\ _ Tm@le v ae L
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ISI\//

[ J [ [ E
What are typical vacuum requirements for this type of - | Sutfflé?
n
Component type High speed neutron chopper
Example ILL / INS CRD M-Chopper
Operating vacuum level 5el0-4 mbar
Pumped volume 0,1 m3
Cycle time 6 months
Pump down 1 day
Materials Steel housing

Painted surfaces
Glass neutron guide
Aluminiurm rotor

Radiation level High
Maintenance period 5 years
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Control Diagram Instrument
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Vacuum Diagram: NMX
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Typical vacuum system implementations (o o
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Sample Exposure
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Examples

A range of requirements and challenges

Neutron Optics: NBOA * I

=
(7]
=
o T 2 g
o 3 [} >
& © : 5
o 5 S K
5 = g a
3
Criteria 2 g g b
Vacuum level Good Poor Good Very good
Pumped volume Small Moderate @ V.Large V.Small
Cycle time V.Slow V.Slow | Moderate
Radiation hardness High ngh/Mod Low High
Servicability Low V.Low oderate High
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Vacuum Manifold inside Bunker e o,
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10 Instruments 23m
5 instruments 10m
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CSPEC: Cold Chopper Spectrometer (ess ) &,
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CSPEC: Cold Chopper Spectrometer (ess ) &,

> In vacuum Multi-Grid detector

- Inside the vessel ArCO2 at 1bar, !
- Leak rated for high vacuum,

< - Qutside the vessel UHV,

- Different thickness parts,
@ thinnest 3mm,

- Minimum heat spreading, avoid

E| warping,
+ & - Size ~400x400mm, length 1.3m
to 3m.

.O
o o@\k

ey
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Vacuum Support: Vacuum Laboratory '‘ess &

Vacuum Integration Test Facility (VITF)

This facility will provide the capability for seamless integration
of all vacuum systems used on the accelerator, target and
neutron instruments with the ICS (ESS Integrated Control
System). This allows control logic to be developed and
interlocks checked before implementation on the actual

systems. EPICS control screens will also be developed
together with data acquisition functions using this facility.

Gauge Calibration Facility (GCF)

The GCF will be used to confirm the operation and
calibration of all vacuum gauges prior to installation
with calibration performed against a secondary
standard. All vacuum instrumentation (vacuum

sensors and RGAs) installed on the accelerator,

target and neutron instruments will use this facility.
Sep 20, 2018  ISNIE 2018 Summer School 33




Vacuum Support: Vacuum Laboratory 'ess &
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Outgassing Test Facility (MTF)

This facility is designed to support the selection
and approval of materials for use in a vacuum
environment in accordance with the requirements

of the ESS Vacuum Handbook (VDH) and the
interface document for each Neutron Instrument,
where materials having vacuum compatible
characteristics are listed. This facility will be in
support of neutron instrument design where

materials used inside the vacuum system of the
Neutron Instruments. Ex: selection of vacuum
compatible cabling, to minimize the contamination
of vacuum spaces. The selection process will also
include a quality control aspect requiring the

batch-to-batch monitoring of materials. 34
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Report for Outgassing Test ) o,

= ESs _

s OUTGASSING TEST M--M Vac
ety Arwcite® Cantirg System - e — g K. Barthe/uum
i Ao - emy
u'n-nr-‘—-‘:-u-nmnw‘w P

Dwnansen | Sertace Ao

)
LY FACRITY AND (QUVINT o ' » "
53 outgamang teat faciity See ANNIX X —
Tent carved out acording 13 Thesughout Viethod of (L7 31
Gougee OW AL L1448 clbrated sccorong g WD 200 8¢

Drgarvng “ete l-.uni o)
$
i
JANNI NOLLMOA3 ONISSYOLN0

— Partiad pressure of the Araldite casting wyvtem Huntsman
PRETANT TRAATMANTY
. | Beheout WO -
SLAN TRST
Cramter Ganiont 14 L08 moar s T RGA scan MO sncmaies (wee ANNEX 4]
PRIFLNPING N T LOADLOCK CHAMBER —
T o h 35w 5% Stk e b (e et | 805
R @ 11 W OGR @5wrs LA | OGR® 30y 815
ey ’---
Ll 20BN Vacss™ gaage,. Caltration Dy drect competior
Wit 3 reference gauge
NP2 e 30 Techeol A IN1) eVt 2007 - Secomvmended praction for orocems semping for
‘o sertiel rEVeTe vy -
WS AN eeemebed o etoe el or L g e epert
It s Retd
Tewr ewscmr ¢ bamewy  Ohecher _ Cage I.—U,xlcwn
Sep 20’ 2018 ISNIE 2018 Summer School T EE cnunnunun-n-u---u;a:::----u----uun-- ----- o - 35



SOURCE

Neutron Beam Extraction (NBEX): e ) T,
Window Flange
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Important notes fean)) wrem
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« Vacuum groups are responsible for the vacuum requirements of
the vacuum system (true for almost all facilities!!),

 Vacuum Group responsible to over see all related aspect of the
vacuum contributions(including the interfaces with Control System
and Safety, installation, services...),

« Create a vacuum description as starting point for easy
conversation across interfaces (facilities, suppliers...),

« Cost x Performance: can be extremely complex decision, if no

specific boundaries are clear (budge, facility environment, “from
scratch”, adapting old solutions, life-cost...),

It means: Open the discussion with your vacuum representative as
soon you understand what the instrument needs






