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Introduction to High Vacuum in accelerators.
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Introduction :

What does vacuum mean?

Vacuum: an absence of matter ?

m | Space where the molecules are strongly rarefied
compared to atmospheric pressure
10° mbar ~ 25 millions/cm?3 at 20°C

Pollution source, background noise,
parasitic interactions ....

quantum vacuum:

State minimum energy, vacuum fluctuation, ...

a vacuum: full of matter !

PHENIICS



Introduction :

Th e SCd Ie Pressure 100 Pa(N/m?) =1 mbar = 0,75 Torr

Vide grossier, vide moyen, vide pousse, ultra-vide. ..

Léchelle du vid

Par Olivier Neran de Surgy
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Kinetic behaviour of gas molecules

Vacuum basis :

Maxwell-Boltzmann velocity distribution
= 8R.T 3RT - -
Viskif= o [ Vims =€ ==~ _ | Ysox Welocittes distribution of N,
At 20°C Ar~394m/s Np~471m/s {4 a0k
He ~ 1246 m/s bauz
o boge iy se0x
Dependent upon composition of gas and III' "T_y 500K
temperature E .'lT.."E..;f:i'f g! M =
residence time on the surfac
S [ R e b — — -
Frenkel formul = (dN)
renkel rormu DT N
— e nlT OF B
1,~ 1013 s 1:;1:9 € 0 = cos (0)
E desorption energy -
LA/

» 380s<t<5daysat20°C

20 < E < 25 kcal/mol

Increase pumping time
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. Mean free path / monolayer formation time
Vacuum basis : P J

Monolayer formation time

And considering the molecule as spherical, for perfect atomic
arrangement:

T = > (very approximate)
d .n.v

Order of magnitude  one monolayer ~ 108 molécules/cm?

7 ~ 40 min at P=10-° mbar (N,)
7~ 3 sec at P=10° mbar (N,)

The concept of monolayer can appreciate the cleanliness of the surface

Mean Free Path

It is the path length that a molecules traverse between two succesives impacts
with other molecules.

|
m = —2 I, ~ 64 km at P=10-° mbar (N,)
v27nd“.n |, ~ 6.5 m at P=10- mbar (N,)

1
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Vacuum basis :

summary Tables

Pour N, at 20°C
Pressure sitength density Impingement Monoltayer
(hPa) per unit molecular Mean rate (per cm?>  formation
arca (molecule/cm3  free path | and per sec) | tme
)
1013 1 kg/emy? 2,50x10" 0,1 um 2,9x10% 3,4x10° s
1 1 g/cnmy’ 2,47x10" 0,1 mm 2,9x10% 3,4x10° s
10° 1 mg/emy? 2,47x10" 10 cm 2,9x10" 3,4x10° s
10° 1 pa/em? 2,47x10' 100 m 2,9x10" 34 s
10° 10 pg/m? 2.47x10 100 km 2,9x10" 1 heure
10" 0,01 pg/my? 2,47x10¢ 10° km 2,9x108 40 jours
o 1 pgrkm? 2,47 10° km 2,9x10°* 1000 ans
10 107ug/km? 2.47x107 10 km 2,9x10° 10™ ans

==




Vacuum basis : Outassing/desorption

outgassing

Outgassing is the spontaneous evolution of gas from solid or liquid.

desorption /degazing

Desorption is the release of adsorbed chemical species from the
surface of a solid or liquid.

r/
Particules (ions, photons, electrons,....) %




Vacuum basis :

Outassing/desorption

Desorption: gas flow

At the thermodynamic equilibrium

dv dN
€008 1o L e i e 3

Pa.m3/s (=10 mbar.l/s)

The outgassing rate 1 : a gas flow per unit of surface

S effectif pumping speed
N molecule number

T Q / A A desorption area

Pa.m3.s”".m?= Pa.m.s”! (=10 mbar.l.s"!.cm™)



Vacuum basis : Outassing/desorption

Importance of the gas flow

At the thermodynamic equilibrium, the pressure in the system is expressed by:

S effectif pumping speed

E Q P, limit pressure of pumping system
P = o il o

Decrease of the work presssure P

Approximately 2 to 3 orders of magnitude with a high cost

||:> Increase the pumping speed
and limited effectiveness conductances

|]:> Decrease the flow About 10 orders of magnitude depending on the choice of
materials and treatments

Attention to minority surfaces

First of all decrease the degassing rates



Vacuum basis : Outassing/desorption

Time dependance of the outgassing flow rate for différent materials

ODeagaszapge des matleriausx

’ ,, Elastomer

Ferbunan =3 TELV

b

FAD =

eflomn
~FEPrAaisSseur F Orrarmn

[ Ko Mg

o=

outgassing rate Pa.m/s

3 < flon
N ,«épaisseur Srmem

Metals

CTulivre

TO ") _

Cuiwvre CuC>

lrmox Z2C:ND1T7 . 12

O - sl T = K S— e
1 10 100

Hours .

1 Pam/s =102 mbar.l.s'l.cm™2




Vacuum basis : Outassing/desorption

The pressure vs. Time behavior of a typical vacuum system (metal chamber)
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Vacuum 1n accelerators :

High luminosity

1,800
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Vacuum 1n accelerators :

Beam & Vacuum & Surface:
a difficult coexistence!

A

Interaction: Beam - résidual gas

=) Changing the shape and the beam energy

=) Secondary particule emission (ion,e-, photons) |
=) Loss of beam particules 1

Interaction: Particules (secondary, primary) - surface ._T

Ee=) Desorption by electron,
photon, ion impact
E=)  Secondary emission




Vacuum in accelerators : interaction residual gas - beam

Interaction: Beam- residual gas

INTERACTION

— Elastic Single Coulomb scattering

Bremsstrahlung

Ionization energy loss

— Inelastic — Electron capture

Electron loss
Nuclear reactions




Vacuum 1n accelerators : interaction residual gas - beam

Interaction: Beam- residual gas

Elastic interaction { Single Coulomb scattering

LalDiffusioniCoulombienne

—x Z° P
dt

Emittance is proportional to residual gas pressure and
depends sqare residual gas atomic number

Nuclear scattering LHC Life time limit ~100h P~10-8 mbar H, equivalent
80 mW/m heat load in the cold mass



Vacuum 1n accelerators : interaction residual gas - beam

—

Bremsstrahlung
lonization energy loss

—>» Inelastic interaction __J Electron capture
Electron loss

Interaction: Beam- residual gas

Nuclear
reactions
Bremsstrahlung
Material 7 A Radiation length Density
Xo [g/em®]
lg/em?) [em] () is for gas
{) s for gas le/f)
Ha 1 101 6128 865 0.0708(0.090)
D2 1 2.01 122.6 757 0.162(0.177)
He 2 4.00 94.32 755 0.125(0.178)
Li 3 6.94 82.76 155 0.534
Be 4 901 6519 35.3 1.848

Valid for light particules (e+,e-)

Loss beam enregy

the radiation interacts with the surfaice =@~ — Desorption

A very strong dependence on the target atomic number is observed, which means that even a small
amount of a heavy gas may have a higher influence on the lifetime than the usually dominating
hydrogen content. about 4.10° times lower for proton



Vacuum in accelerators : interaction residual gas - beam

Interaction: Beam — residual gas B i e
nieraction. cam CS1dUc S Ionization energy loss
Inelastic interaction Electron capture
Electron loss
Nuclear
. . eactions
Ionization energy loss
= - ot o e L e e e e R
= [ /7 [woncCul B
& 100 : o= ,_‘_.-_1},1 i
5 I e Bethe-Bloch ! Radiative
= - #  Andersofn i
i =, Zlegler
2 B2 Lpe .,
=+ =5 Radlative [ - Radiative
= Mintmum effects il /g~ losses
= B tontzatian reach 1% i of B
— . Nuclear o = 1
o losses P s | i ST E ? ) =
v o S T e S - Without &
0.001 0.01 0.1 1 10 3y 100 1000 104 105
1 1 1 10 100 1 1O 100
IMeV/c| [GeV/c] [TeV/c|

Nuon momentum

Loss beam energy

Secondary particule emission: electrons,ions — > Interaction on the surface and desorption




Vacuum 1n accelerators : interaction residual gas - beam

lon accumulation negative charge beam

An important phenomenon for negative charges
beam, for high current and for short bunch spacing

Pressure due to the ion containment

mechanism: ionisation of residual gas by beam

Electric field (e- beam) focuces ions in
chamber center

\ 4

Defocusing of ions between two bunch

Oscillations and ions trapping and accumulation

consequence: _
The pressure (seen by beam) increases

\ 4

Influence on beam dynamics




Vacuum in accelerators : interaction residual gas - beam

lon accumulation

Tons STObiIiTY criterion : [1] Neutralisation of accelerator beams

by ionisation of the residual gas V.
Baconnier, A. Poncet and P.F. Tavares

Calculation of critical mass ! : CERN
All ions of mass greater than the critical mass will be accumulated.

avec Ne e- number, N, bunch number, r, proton radius,

4 = M 2-7-R 2 7R ring circumference, p ratio of v to the speed of light ¢, a and b beam
- size .

i .r.
N> 7 B-b-(1+alb)

Neutralizing factor Versus time

-
1]
i 0.1% 80% HZO 15% H2 et 5% CO
Neutralizing Factor o e
EEET L
e - 7= with successive ionizations
. . - - SR (A 0 S 5 |
n= number of positive charge (ions) s 4 Tt i
Number of negative charge (beam electron) === Sesam= =
-4 [ ! K4
10k ; ===7|
L _-r1 e 'A?‘T 1
l_m'ﬁ | 7 | 5 .is | ln\.
= o v i - without successive ionizations
11070 fomspmest ‘ L
7 { : ! :
= | I |
e 0.01 0.1

time (s)



Vacuum in accelerators :

interaction residual gas - beam

lon accumulation

Tonic pressure seen by beam
Increased pressure due to the ion density.

I kT
Te B-Cn-2-0,-c,

Tonic pressure (mbar)

10

110" ——————— - —
[—— 80% H,0, 15% H, et 5% CO —
il bl i -y =5
— ---- 90% H, et 10% CO =
I— bl ]
ra , “/
Twa SSive | = -
Lol . fru{gm;;‘l‘ﬁﬂ Ef,r"/ {___,...w_-"f‘
=
e 2 = "'"ff_ ,’Tﬁf
W s v i
110 ° 0.01
Time (sec)
AtI'IP  0,26,007 mm P~ 2*10° mbar

0.1

Section
Canon e

Accélératrice
e — O

I N = (%

|
fiayon X

Solutions:

Electrodes + gap between
two injections (5us)

C. Bruni, J. Haissinski, T. Demma



Vacuum in accelerators : interaction particules- surface

Synchrotron radiation

Any charged particle undergoing acceleration,
centripetal or longitudinal, produces radiation.

RAYONNEMENT SYNCHROTRON -

Main source on circular colliders

DIPOLES

Power loss

E[GeV]‘i [mA]
27 plm]”

electron P, [W/m]=88.57

proton  p [W/m] =7.79 10" Ml[m/\]
2r p[m]

Emission

vers 'avant dans S
s un Spectre blane

angle trés faible o L

Critical energy Flux
; E[GeV]* g
Electrons : g [eV] =2.218 10° BlSev] " photons.m " s ] =1.28810" MI[mA]
p[m] plm]
3 [ ]
Protons : & [eV] =3.5835107 &G[eyj]— [[photons.m ™ s ]=7.01710" ﬂggV—]I[mA]
p,lm



Vacuum 1n ac

erators : interaction particules- surface

synchrotron radiation

some examples

Particule

Courant mA 500 2600 1100 3 3 7 584 584
Energie GeV 273 35 8 20 50 96 450 7000
R. courbure m 5.36 16.31 104.46 2962.96 2784.302
Puissance W/m 14 030 20 675 5 820 0.8 30 955 0 0.2
En. critique eV 8 600 5 800 11 000 6 000 94 000 660 000 0 44
Flux photons/m/s 3109 7109 1107 3108 7 1015 31016 7 1015 110%

Dose a 3000 h photons/m 410% 8 10% 1:10°¢ 0= 7 1022 310% 710% 110




Vacuum 1n accelerators : interaction particules- surface

Photon stimulated desorption

photodesorptlon Yield n material type, surface finish, energy and
n - desorbed molecule L) particle type, incidence angle, particule
Incident photons dose

Experimental determination

photodesorption Yield n at machine start-up
the pressure distribution in Cell HER (SUPERB) with

synchrotron radiation at machine start-up

925 | n (molen e a=={j
& il B il i ol

H, = 102
CH, e M R
Co ~ 510 > 106
:
Co o~ -4 = g
2 3.10 g1
For baked Cu 150°C  and Ec = 4,5 Kev é o
Grobner and all, JVSTA 12(3) 1994 = -
[72] I
oo !
. - [-F] |
The static pressure increases by several A | S S N S . |

orders of magnitude due to dynamic effects Diistaiice (i)




Vacuum 1n accelerators :

interaction particules- surface

photodesorption

Conditioning - Scrubbing

Desarption Yield (mol/photon)

Surface conditioning according to
the received dose

Grdébner and all, JVSTA 12(3) 1994

107 —re—

o (., 375 keV Cditical Energy

baked Cu 150

PC

After conditionning

D = photon dose 10%° photons/m ~360 A.h

das | n (moliph)
H, ~6.107

o't

Dese {photons/m)

CH, ~2510°
Co ~2.5.107
Co, ~ 95107

Scrubbing but needed time




Vacuum in accelerators : interaction particules- surface

Photon stimulated desorption

Important implications for the design

Ante-chamber

<— O0Smm —

Cooling Water

«——  2475mm ———»

Figure 1: Typical suucture of ante-chamber for the
LER of Super-KEKB.

SOLEIL

Puissance W/m 14 030
En. critique eV 8 600
Flux photons/m/s 3107

Absorbing power "crotch" : GLIDCOP copper cooled by water(256 W / mm2)



Vacuum 1n accelerators : interaction particules- surface

Photon stimulated desorption

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 and acts as

a screen
LHC DIPOLE : STANDARD CROSS-SECTION

ALIGNMENT TARGET

- MAIN QUADRIPOLE BUS-BARS
HEAT EXCHANGER PIPE

-~ SUPERINSULATION
SUPERCONDUCTING COILS
BEAM PIPE
VACUUM VESSEL
BEAM SCREEN
AUKXILIARY BUS-BARS
SHRINKING CYLINDER / HE I-VESSEL
THERMAL SHIELD (55 10 75K)

NON-MAGNETIC COLLARS

Puissance W/m 0.2

En. critique eV 44

Flux photons/m/s 110"

\/- BAGLIN Courtesy N. Kos CERN AT/VAC



Vacuum 1n accelerators :

interaction particules- surface

lon stimulated desorption Positive charge beam

The mechanism: ionization of the residual gas by the beam
' v

Acceleration of these ions by the beam electric field (e +, p)
i

The ions/surface impact creates a molecular desorption

The important parameter _
Rendement 1 - desorption molecular
Incident ions E

HER (SuperB) simulation

110 © T T T

pressure divergence

\ 1 e®4” Effectif

Pumping speed

Ierit = ==
ne)
<+— (Cross section

(Avoid heavy gas)

Pressure (mbar)

| It_lH

o’ | B

et *High current accelerators : ISR, SNS, LHC...

0 | |
0 1 2 3 4

=1
110

Courant moyen (A)



Vacuum 1n accelerators : interaction particules- surface

lon stimulated desorption

Ionodesorption Yield n —_— material type, surface finish, energy and
particle type, incidence angle, particle

dose

Experimental determination

1 versus ion dose
T versus energy

7 keV, Cu Baked, CO*

' 4 e ey
5 Baked ]
5 ~ 12 F 4 : H il
g [ stainless steel 2 i
=% 1 i ‘ =
% N,* ‘ ]
01 o [ ‘ 50 ]
= 08 .

n D I
0.01 = 0.6 L .
= r ]

p—_ -
2 es L CO, =
0.001 E B - ]
—C02 L ]
02 |- =l
: : CH, ]
0.0001 0 e s, SRS, 0 i | ST, RPN

15612 ALstd i 15 G b 0 500 1000 1500 2000 2500 3000
Ion dose [cm?] Encrgy {CV)
G. Hulla, PhD Thesis, Vienna Tech. U, 2009 A.G. Mathewson, CERN ISR-VA/76-5

LHC : ion dose ~ 3 10*° ions/(cm2.an)

Inefficient scrubbing !!



Vacuum 1n accelerators : interaction particules- surface

KEKB, PEP II, SPS ~ année 2000

Electron-Cloud / Electron Stimulated Desorption RHIC, LHC

The mechanism:

OS] YAV ¥ AV . .
el e Y ™ photoelectrons acceleration (with
f e e [ a%, 2 ; o .
R ¥ oo %”\% !j electron coming from ionization)
= ‘i“[‘\\ N N i Ser, %, ..;J :
T s TR it by the beam field E
S TG N e Y ¥z
SO0 JE LY 7*
e I SN
§a.h\l \\i ‘
F. Ruggiero et al,, LHC Project Report 188 1998, EPAC 98 Interaction photoelectron — surface
—MBE-31540MBE Dutycyck~3% —

607 —wuzn300s0u88 R

scH —uana0es0uss : Molecular desorption Secondary electron
-3 L 6 0E+12
mcoH 5@ dals9mm chamber31933 B . .
g 1| -+Numberofpoons | L Oielauigly I elatial
I L - 50E+12
- ot
54 Qe i e R e L 4 0E+12 g Interaction clectron surface
RFE e = s B J'

370

4 — 302012
L T A e R T TR A T T
v - Increase pressure e-Cloud
i 23D gl — 20E+12
I 15h f I -
T R e ; 7
o S fapafies WfW T L0E+12

J.E_T——_____-_:?M ___________________ L -

A ' : Increase emittance and beam loss, heat
10 | E— T T T T T T T DDE+Q0

1742 1749 1-757‘[*;3.434 1841 1818 1825 1833 1840 1847 1854 load, decrease luminosity

J.M. Jimenez et al., EPAC 2000, Vienna, Austria



Vacuum 1n accelerators : interaction particules- surface

Electron-Cloud / Electron Stimulated Desorption

An important phenomenon for positive charges beam, for high current and for

short bunch spacing
Main parameters:

- Beam structure(size,time between bunch)
- bunch/charge
- chamber size and geometry
- secondary electron yeld (SEY)
- photo-electrons rate
- photons /electrons reflected
- electron stimulated desorption (ESD)

reduction

Some Solutions
material (coating), surface finish, scrubbing,
Cleaning electrodes, solenoidal field,

Geometry chamber (antichamber)



Vacuum 1n accelerators : interaction particules- surface

Electron-Cloud / Electron Stimulated Desorption Reduction ESD and SEY

Surface conditionning by electron impingement
(Scrubbing) Secondary electron veld (SEY)
Electron Stimulated Desorption ( ESD) SEy= number of emitted electrons (secondary)
number of impinging electrons (primary)
ESD versus e- dose S
e e TTETIEETT f SEY versus e- dose
: 22 ?
" = %
% . - i /350V
r 20 | Y S
- 5.8 * —
o e °* o P
- \': . ‘
[ ] v ) 5 &
WOrp | o= e
Ad4V * u__ AR
14—y i TR
) » 30V ﬂ A A..l b
o34V bl A
- ¥ 12 . s0v BT B ”ni.F‘:A
Fi A: Effect of the oleota n fl'Z'w: on the electron induoced descrption yisld 1.0 “‘I ; e i ‘”i
et et et it i i 1.0E06 1.0E05 1.0E-04 1.0E03 1.0E02 1.0E-01
Dose electrons (C/nm)
G. Vorlaufer et al.,, CERN VTN, 2000 V. Baglin et al., Chamonix, 2001

Carbone layer on surface (AES, XPS,..)

g Scrubbing but needed time



Vacuum 1n accelerators :

interaction particules- surface

Elcctron-Cloud / Electron Stimulated Desorption

4~
@ Aluminnmm 99 3%
3.0 ...... m Titanoum
o 3
3.4 .Q b § . 4 Copper OFHC
o - 'I’. = Stamlass staal
oy L ] ... & TIN
o]
24 @
@

Material and relief surface

‘*’ix'..ll‘l“‘ i 'lii..'..‘.
¢ ‘,1it!!l'.lf" " Saaga,
!"iil!ilill!’h

0 500 1000 1500 2000
ENERGY (eV)

2 |- ‘ -Rough
20 g — Surfaces

1,5

SEY

1,0

SEY Reduction
New Amorphe carbone coating
A2
" . CERN
1.0 . e
n TSty e
0.9 . *tee, "=
0.8 - *e o =
'.Q"”‘;u
0.7 . et
0.6 + CNe14 as recieved
Q5 = CNe14 after about 1 month
air exposure
0.4

0 200 400 600 800 1000 1200 1400 1600 1800 2000
energy [eV]

Coating TiN, TiZrV, amorphe C
coating on vacuum chamber

[sabel Montero, ICMM-CSIC (AEC 2012)



Vacuum in accelerators : interaction particules- surface

Electron-Cloud / Electron Stimulated Desorption Other solution for e-Cloud decrease

External solenoid on chamber Clearing electrodes

\'\

Y. Suetsugu SuperKEKB

Antichamber and Rough surface at the side antichamber, grooves and coating TiN

wall (Ra ~20) reduces the photon reflection.

¥ (Depth) Valley :R0.1~0.12
q Top :R0.15
if Angle:18~18.3°

Y. Suetsugu SyiperKEKB _ SuperKEKB Dipole Chamber Extrusion




Vacuum in accelerators : interaction particules- surface

Electron-Cloud / Electron Stimulated Desorption

LHC

Scrubbing strategy for operation restart in 2015

Requirements for operation with 50 ns beams:

450 Gev 65TeV
After the 2013-14 Long Shutdown, the Secondary g e s
" Electron Yield of the beam screen in the arcs will (SOnsj:;; ;’33;::;?:5' 50 ns physics
- likely be reset to values higher than 2.3, as it was (intensity ramp up)
before the 2011-2012 machine scrubbing, - (5-7 days) :
' 4222 gL B4,<2.
Further requirements for operation with 25 ns beams:
506V 6.5 TeV
sl : According to the 2012 experience, the proposed
2%ns scrubbing run(s) will not completely suppress the £C in
scrubbing 25ns physics the LHC. Further scrubbing will have to be achieved
(5 days) (intensity ramp up and further scrubbing) during the physics run implying a slow down of the
y = intensity ramp-up process due to heat load, emittance
6dip52. 6dip<1.55 blow up and poor lifetime.




Vacuum in accelerators : Other sources of instability beam:

Electric field Interaction -surface

Nonzero Impédance of the chamber

M. Ferraric — CAS Baden 2005

Accentuate by section changes, discontinuity ..

Power dissipated on the surface Molecular desorption
Beam instability



Evolution vacuum technology

size evolution of vacuum chambers on Accelerators

Size vacuum chambers are constrained by the beam of performance expected by the
magnetic system including:

- Strong focus therefore reduces throat circle
- Low distance between the magnets.

== ;

et

LEP (80’s)
40 x 76 mm?

SuperACO (80’s)
40 x 120 mm?

ESRF (90,s) SOLEIL (2000°’s
33 x 74 mm? 25 x 70 mm?

e

AX IV, SIRIUS (10°s
F=22 mm

C. Herbeaux SFP — Journées des accélérateurs, Roscoff, SFP 2013



Evolution vacuum technology

Consequences : size room more and more small
Significant decrease in conductance and increasing the maximum pressure

. Conductance {L/s) =|:: | I
| witesse de pompage {L/s) B_ ] Pmean =A4-7-[| —+—
A il s : 12€C S
Pression en fonction de x &
2% 108 - 1 1
1x 1078 F Pmax:A.f. S
8C S
551079} i
5 % 10=9 | T outgassing rate C conductance
g
1% 1077 { .
~ = A circonference of chamber
5x 10”10
| if S>> 8C then P, ~ AtL/(8C)
2% 10—10 i

......

" @, 30 400 s0 | Decrease of Pmean and Pmax is

limited by the conductance C:

ST
i i . i - Reduce outgassing rate (1) and the

stimulated desorption

—— - Reduce length L

distributed pumpina—




Evolution vacuum technology

distributed pumping

Nen-Evapaorable Gelter ST 707
DHEGP (2-old vertical)
Titanium
St yCathodes
0P (2-old) ,/Tanmlum/

; Y
Ceramic S57 (316 L) Anedes (5 KV)
|

Figure 3-108. LER dipole vacuum chamber concept. Inside dimensions match
those of Fig. 3-107.

CHAMBRE A VIDE
BLINDAGE EN PLOMB

POMPE
GETTER

= Cooling and Heating channels I NEG coating

CANAUX
DE REFROIDISSEMENT

SUPPORT GETTER

CERAMIQUE

! ; z " iphfd)
COUPE DE LA CHAMBRE A VIDE DIPOLE %ﬂ

LEP Design (CERN LEP Vacuum group)

LHC




technology distributed pumping

Non evaporable Getter (NEG)

Principle
coating of metal alloy (NEG) on the walls of vacuum chambers or on a strip

® coating Zr-Al, Zr-V-Fe, Ti-Zr-V, ....

e Ta activation temperature

The alloy becomes a Pump!

“Heating in vacuum _ _
Oxide dissolution -> activation Reactive metallic surface
Pumping

Native oxide layer

No pumping Paolo Chiggiato

CERN Eur%opean Organization for Nuclear Research



Evolution vacuum technology distributed pumping

NEG strips

Pumping holes
GETTER PUMP
;
7

Vacuum champar L&ad shigiding

St101 NON-EVAPORABLE GETTER (Zr Al) =
activation temperature at 700°c &
St707 NON-EVAPORABLE GETTER (Zr 70-V -w\ '—
24.6'Fe 5.4 W-t%) o Getter support Ceramic
activation temperature at 450°c LEP —(CERN) 24 km de ruban installés

P< 10! mbar
NEG materials are embedded in a constantan ribbon that is

heated by the Joule effect

The high temperature activation NEG can generate
mechanical stresses in the vacuum chamber.

Need to have an antechamber

C. Herbeaux SFP — Journées des accélérateurs, Roscoff, SFP 2013



Evolution vacuum technology distributed pumping

NEG strips

Design and construction of the SuperKEKB vacuum system

Yusuke Suetsugu,® Ken-ichi Kanazawa, Kyo Shibata, Takuya Ishibashi, Hiromi Hisamatsu,

Mitsuru Shirai, and Shinji Terui
High Energy Acceleraror Research Organization (KEK), Tsukuba, Ibaraki 305-0801 . Japan

heath Heater

Fig. 1. Example of a beam pipe with antechambers and distributed pumps.

 $t707 NON-EVAPORABLE GETTER

6. 4. (Color online) Multilayered NEG strips for the antechamber

J. Vac. Sci. Technol. A, Vol. 30, No. 3, May/Jun 2012



Evolution vacuum technology distributed pumping

NEG coating 1n vacuum chamber

® Titane Zirconium Vanadium coating ool and Heating channels | NEGcoating

® Low activation temperature Ta=180°C

surface of vacuum chamber becomes a pump!!!

Electon Beam /1 |

LHC

SOLEIL: NEG 60 % of the circumference

LHC : 6 km in warm part

MAX IV: 95% of the circumference

WD10.5mm 15.0kV x14k 3um

Coating at LAL (~2 um)




Evolution vacuum technology distributed pumping

NEG coating-vacuum performances

Titane Zirconium Vanadium coating

Electron and photon stimulated desorption A low secondary electron yield (SEY)
photons (ESD and PSD) are reduced

oY e Elliptical ID Vacuum (_;hamb_e_r B1mmx 4, L=4743m, Stckos™0.1, lcke=001)
10" 16 10! 107 10 10 e B e | S T S LT I ] S AT
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| |
- i T Activatioc: 20 hours .t 250° C } T v
2 P—— ‘ L ‘ ."."_”f.«- ..,._‘“““‘.
i 1 10E01 + e | e
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lenght [m]

P. Chiggiato, R. Kersevan / Vacuum 60 (2001) 67-72



Evolution vacuui

distributed pumping

NEG coating-vacuum disadvantage

Titane ZirconiumVanadium coating

Selective pumping speed

(No pumping of rare gas, CH,)

saturation effect

P. Chiggiato, R. Kersevan / Vacuum 60 (2001) 67-72



Conclusion

Trend: High luminosity accelerators (involves small-sized beams, high current
and a high repetition frequency).

Many beams interactions, residual gas and surface will generate induced outgassing
sources and impact the shape and the beam energy

Reduction of induced outgassing sources Geometry, coating, surface
condition, scrubbing,.....

Increase the effective pumping speed Distributed pumping

NEG strips Neg coating (TiZrV)

AVT TMIEOX -FomMmfFaerR MEmMmEeE =T NE SE PAasseE
N RQUE RISQUER UL £ FRHsss LGUELSVE fHOS =
e FPwRE N Ne oMM A T A S .
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POMPAIT, POMPAIT, POMPAIT...

D'oil, un des fameux adages Shadok :

Je pompe donc je suis

Vacuum in Accelerators Ecole Doctorale Pheniics



Le depot NEG

La pulvérisation cathodique magneétron

meétal a déposer|

® | TB Arl
° o
chambre
N .
a
vide ®
@
bobine @ __

pompe a vide | -s00v

Parametres de dépot
B=100 G
=-500V
Pression Krypton : 2 10> mbar
Vitesse de dépot : 1 A/s

Vacuum in Accelerators Ecole Doctorale Pheniics





