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Vacuum In particle accelerators

All particle accelerators need APhoton stimulated desorption (PSD)
vacuum. Thenain reasoris IS one of the most important sources

. : orleadi of gas in the presence of synchrotron
eamqgas Interactiorieadingto a radiation (SR) or any photons with E

beam quality degradation: >5-10 eV.

Alncreasedeam size (emittance) A PSD can be considered as a twestep process:
AReduces beam lifetime A first, photons with energy > 5-10 eV cause the

Alncreasesadiation hazard photoelectron emission,
A Encourages recombination A then the photoelectron stimulate gas desorption.
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Why a NEG coated chamber required?

— — _ /
(a)m” d=50mm, L =10m, Sp=1001/s

To minimise unwanted collisions between
accelerated particles and residual gas molecule
to a tolerable level, the specifiathsdensity

must be met.

]016

1) Effect of distributed pumping
(a) Agas densityn as a function of
coordinatez for varioussticking
probabilitiesh
(b) Efficiency of lump pumps at the ends of
s vacuum chamber is low forarrow
‘ vacuum chambers

5k
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n [molecules/m?3)

]014

a=0.1 2) Average gas densityreducesproportionally

- e

r ' with PSD yieldsA.

0O.B.Malyshev. Vacuurm Particle Accelerators: Modelling,
10" Design and Operation of Beam Vacu8gstems. (2019)
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Whatnon-evaporable getter (NEG) coating doe

Vacuum =€
Coating

1) Reduces gas desorption:
U A puremetal or metal alloy(Ti, Zr, V,Hf, etc.) film0.5-3-mm
thick without contaminants o
U A barrier for molecules from the bulk of vacuum chamber

2) Increases distributed pumping speeég, e
U A sorbing surface on whole vacuum chamber surface
providing a pumping speed db= a@®/4 ;
where a ¢ sticking probability,A ¢ surface areay ¢ mean molecular velocity o

Main benefits of NEG coating:
U Can be activated at low temperature of 2360 C
U Meeting challenging vacuum specification at UHV or XHV
U Lower cost of vacuum system Q.
V Less number of pumps, thus less controllers and cables
V Smaller size of the pumps, thus lower cost per unit
U The only solution for narrow vacuum chambers
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Whatisreallyneed for vacuum system design
AThere are not enough PSD data for various NEG coatings.
AA future machine vacuum deign can't be done properly without these data.

A What information have to be obtained

AExperimentaIIy measured PSD yields, APractical knowledge and experienam

and stickingprobabilities, &, for H,, CH, }’g’gﬁtegf"ppens In case of various operatl

CO, CY(for modelling future machings A SR induced activation, recovery rate after a
A for various types of NEG coatings vacuum accident,
(composition and structure), A SR induced pumping,
A as a function of photon dose, égﬂ_jzk durlnlg NEG ??IUV?“OP’
. ! ! eam alignment riuctuation,
Aas a function of activation temperature and A non-uniform ?em erature during activation:
duration, overheated NEGynderheatedNEG,
A as a function of film thickness, A not uniformly coated and partially coated
A for shapes similato vacuumchamber of chambers (a chamber with an antechamber)
future machines. A ﬁ]ﬁgicrt of storage in vacuum, in nitrogen, in a
Aetc. A NEG lifetime,

. A other questions from machine operation |
IFAST experience
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Task 10.5 objectives

A Building facilities for photon stimulated
desorption (PSD) yield measurement on
beamlines

A at DLS and Soleil

A Obtaining and analysing the photon dlamond

stimulated gas desorption (PSD)

experimental data from Non-Evaporable

Getter (NEG) coated prototypes under S _‘

conditions similar to future light sources \ L E-l L
A Surface preparation at DESY N HEREOTROR
A Coating with NEG at UKRI, later at DESY and

Science and

Solell
A Pumping property testing of NEG coated % Technology
@ samples in all partners labs Facilities Council
IFAST
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Samples for pumping properties evaluation

Alt was agreed that aroject standardsamplefor pumping properties
evaluation is
Amade of OFHC or OFS copgamples
AID= 20 mm
AL=500 mm
Aequippedwith two CF40 flanges

Courtesy of L. Lilje and R. Sirvinskaite (DESY)
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Samples for pumping properties evaluation

Alt was agreed that a projeetandard sample A3 samples were used for compariso

fogpu?pl?g properties evaluation :S of cleaning/etching procedures
made of OFHC or OFS copper samples A After arrivingthe samplego the UKRI

AID =20 mm C
AL =500 mm A an inner surfacesof the samplesfound to

. ) have someblackcoverage It wasfound that
A equipped with two CF40 flanges this is a silver oxide

A 11 sampleshave beemrovided by DESY in March A Thermaloutgassingwas a factor 2-3 higher
2022 than areferencesamplecleanedat UKRU

s e A The causeof this was found and the DES
cleaning procedure has been changed to
addresghisissue

A8 identical sampleswill be
A coatedat UKRI

A then testedin 4 labs for comparing
(crossverifying the results obtained on
different facilities

'_ PR—
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NEG deposmon faC|I|ty at UKRI (Daresbury Laboratory

Ceramic r
i H\

feedthrough \
'__l_ DC and pulsed DC
- 1 power supply
Kr 5 Vacuum
N m pump
mjection

Target: Ti, Zt, HE V. | ¥
twisted and alloy wires | 4

A

Tubular
sample

AThe updated facility is used for a
routine coating of tubes with
Aalengthof0.5-1m
A Inner diameter 5-100 mm
A CF16-CF150 flanges

APresently a final testing coating
st pi | is ongoing on a tube with ID =
Cermie— 20 mm and L = 1 m then for
[~ ] PSD a standard PSD sample |

Q - will be coated with NEG
IFAST

Solenoid __|
B=240G

Test pieces
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Facilities for pumpingroperties evaluation at UKRI JDL
E - F

A The pumping properties evaluation facilities are
Key: used for a routine measurements of initial
%r“bf’m"'ew'afpump“w’ sticking probability a and sorption capacity .
Sputter lon Pump (SIP)
Bl rmeurumeasons A Up to 4 samples can be tested at the same time.
@ Inverted Magnetron Gauge (IMG)
@ Membrane Gauge (MG)
@ Residual Gas Analyser (RGA)
@ Extractor Gauge (EG)
N Fine Leak Value

Pressure ratilR=P,,/P,,asa function of

sticking probabilitya obtained with TPMC modellin
105
n H2 —4—(1)5mm =A-(2)5mm <= (3)5mm
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IFAST Q/A (molecules/cm?)
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Facilities for pumping properties evaluation at Sol

2 Transmission Method Test Benches for

@ Vacuum LAB NEG coating characterization

- Sticking factor> Gasinlet
- Sorption capacity ->
- Activation optimization

inj
P. Costa Pinto, Ehiggiatqg A.SapountzisT. Sinkovits, M. C<<
Taborellj CERN

80th IUVSTA Workshop, NSRRC, Hsinchu, Taiwan (2016)

Turbo

Courtesy of HerbeauxSoleil)

A Facility is in operation and it is
ready for IFAST Task 10.5 samples

A 2 samples has been coated at
UKRI and sent to Soleil

Transmission Method

: o8 ey . _
IEAST 9 , iscalibratedwith MOLFLOW4#o find »
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