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2. Vacuum instability and ion stimulated desorption
3. Particle losses and ion stimulated desorption
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1. Synchrotron radiation
and
photodesorption

Outline at beginning
Getting back to home
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1.1 Synchrotron radiation
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Synchrotron radiation: visible light

* In synchrotron, particles can radiate light by synchrotron radiation
» Can be use for diagnostics purposes :

LHC SYNCHROTRON LIGHT MONITORS

B1 B2

CERN Control Centre LHC beams SR displays

* But particles loose energy by synchrotron radiation =» should be compensated by RF system
- Beam emittance shrink by synchrotron radiation

* Power is dissipated on the machine elements
* Molecules are desorbed from the vacuum chamber wall due to synchrotron radiation

Joint Universities Accelerator School, Archamps, February , 2018




Synchrotron Radiation

* A charged particle which is accelerated produce radiation
* The power of the centripetal radiation is larger than the longitudinal radiation (factorﬂ
* For a relativistic particle, the radiation is highly peaked (opening angle ~ 1/ )

* The radiation energy range from infra-red to gamma rays: from meV to MeV

References :

K. Hubner, CAS 1984, CERN 85-19
R.P. Walker, CAS 1992, CERN 94-01
A. Hofmann, CAS 1996, CERN 98-04
L. Rivkin, CAS 2008
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Critical energy

* The critical energy split the power spectrum in two equals parts

3
gc = § E 7/_
227w p
Electrons : &,[eV] =2.21810° E[Gev]”
plm]
Protons : ¢,[eV] =3.583510" E[GeV]®
plm]

* 90 % of the emitted photons have an energy lower than the critical energy

» Magnetic rigidity:

3 B[T] ES

p_E L3 2
= 10 E[GeV] g, c—xBE

1
e ec p
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Dissipated power
* The energy emitted by the synchrotron radiation per turn and per particle is:

2 4 4
AE=S_7 =4ﬂrmoch
36, p 3 P

2

: 1 : :
with r = © > (Classical radius)
Arrgy m,C

* The average power emitted per turn by the beam is:
N e a |

P, =AE —=
t 3zgp

tour —

* So, the average power emitted by the beam per unit of length is:

oP ey E4
P == — | 22
"3 brept P, o P | oc B°E“I
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Dissipated power

- The average power emitted by the beam per unit of length is

e E* E* -
PO[\N/m]: 4 2| Pom_ZIOCBEI
3g, (mocz) 27p I%
» Electrons : * Protons:
E[GeV]*
E[GeV]* P, [W/ 12
Py [Wir] =88.57 "= I[mA [W/m] =7.7910° I[mA]

i =885 e oty 277 p[m]’
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Power spectrum

* The SR power emitted by a particle is a function of the vertical angle and the

wavelength.
* Integrating over the vertical angle, one obtains the spectral power density per unit of

length :

(z)dz ("universal function" )

=P, — 3§ — h
0S0g Ogc &, with S{x

O°P 1
E I K

1 |

~2.1x"

~13/xe"

0.1
G,x) =x J K, (x)dx’

0-01%e [eV] = 665 EfGeV] B[T]

0.001

0.001 0.01 0.1 1 10
X = /0,
Synichrotron Radiation Basics, L. Rivkin, EPFL & PSI, Frascati November 2008
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Photon flux

« Since the photon flux is linked to the power by : P=I¢

» The photon flux per unit length in a relative energy band is written:

’ 2
or _ op =P0i8 £
oele  0SO& g, \ &,

c

* S0, the total photon flux per unit of length is:

-1
1_, J'w@_rdg__xj'oo £ Sid(7j 15\/§P 5\/_6 )4
0l & g & 8 ¢ 12h50Cp

lz'ocElocBl

Jo,
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Linear photon flux

* The photon flux per unit of length is given by :

© 15/3P,  5V3 y  [F«c—lxcBl
8 ¢ 12hgcp P
* Electrons : * Protons:

Pphotonsm *s%] =1.28810° ECV0 A Tphotons.m %571 7.01710° S5 i [ma
o[m] plm]
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LHC SR Spectrum : from IR to UV

» With nominal parameters : 7 TeV and 585 mA

- 2010, 2011, 2012 and 2015 spectra Key parameter. photodesorption yield
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LHC SR properties

Vertical distribution of LHC photon flux LHC synchrotron radiation at 560 mA
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LEP SR spectrum: X-rays & gamma rays

1013 - L1 ||||||,I A |||||||I (B EEIT R R r vaeroal |||||||E

i |LEP Dipole Flux resal

_ 1 I=1mA :

= N

= —\\ 50 GeV

S 10" : 5

z : 20 GeV :

= 7 -

S . i

: M =1
=

5 1077 :

= . E

lﬂg L IL |||lq LI BLBLLLL LILELLEL e

10" 10° 10° 10° 10° 10° 10’

Photon energy [eV]

CERN
\/_wl Vacuum, Surfaces & Coatings Group Joint Universities Accelerator School, Archamps, February , 2018

N/ S

Technology Department



Parameter impact on different type of machines ...

| Soleil |__KEKB
LER

Particle et e e e e P p
Beam current mA 500 2600 1100 5 3 7 584 584
Energy GeV 2.75 3.5 8 20 50 96 450 7000
Bending radius m 5.36 16.31 104.46 2962.96 2784.302

Power W/m 5820 0.8 30 955 0
Critical energy Y, 8600 5800 11000 6000 94000 (660000) O 44

Photon flux photons/m/s 3 10%° LAl [l |7 Al SN T

Dose at 3000 h  photons/m 410% 810% 110% 310 710% 3102 710%% 110%

* In LEP, and all synchrotron light sources, the evacuation of the power is an issue

* The LHC will operate at 7 TeV with ~ .6 A. Power evacuation is an issue for the cryogenic system (1 kW/arc
m

* The critical energy varies from a few 10 eV to 660 keV. Strongly bound molecules can be desorbed

* The photon flux is large, so large gas load. Adequate dimensioning of the effective pumping speed

* The annual photon dose is large. Implications on gas reduction and radiation
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... heavy consequences on design

 Stainless steel
* NEG coated, in-situ baked to 180°C

JLEIL \ : A
S\SJYNC*"W"‘“Chambre a vide des aimants dipole

Critéeres important :- y < 1,01
- Tolérance de fabrication (< 0,5 mm)
Zone de 1'aimant Quadrupole

Chaudronnerie en acier inox 316LLN
Soudure FE et |

Zone de 'aimant dipole

2 demi-coquilles usinée dans
la masse et soudées par
faisceau d’électrons

/ Bride pour 1'absorbeur crotch

(C. Herbeaux et al.)

C. Herbeaux Journée Thématique du Réseau des Technologies du Vide — Palaiseau — 9 décembre 2008

* A complex vacuum chamber design with a light extraction path, pumping and
instrumentation ports and power absorbers (crotch)
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... heavy consequences on design

SOLEIL Design

(C. Herbeaux et al.)

* Soleil « crotch » power absorber: Water cooled copper Glidcop (256 W/mm?)
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.. heavy consequences on deS|gn

r Forschungszentrum Karlsruhe / ANKA

= Vacuum Chamber Lay Out

20 W/ mmz
Lumped Absorber 40 W/ rm2

Lumped Absorber

LA

A Volker
T.Flschpopk

S.Hermle
E.Huttel

Bellow

(s

Distributed Absarber
50 W/ cm 10 W/cm

RF Shleld 12 x

Y;
o

Bellow

e—bearn charm Der[

1
Lumped Absorber

CF 15
500 1/

e—beam chomber

E Huttel, Vacuum Workshop, ALBA. 12-13 Sept.05

The standard VC profile

/Aecllambel E

e-heam channel

slot

The dipole VC profile

30 mm

,77

Distributed Absorber

ANKA Design

(E. Huttel et al.)

MEG PUMP ASSY

BEAM CHAMNNEL

5 i) ey

ALBA Design

(E. Al-Dmour, EPAC 2006)

Dipole chamber

NSLS-2 Design

» Antechamber design to absorb the SR power externally to the beam path with the
integration of a distributed pumping

C
\
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... heavy consequences on design

CHAMBRE A VIDE TROU DE

POMPAGE
BLINDAGE EN PLOMB POMPE

GETTER

- it
FAISCEAU_/

i

CANAUX
DE REFROIDISSEMENT

SUPPORT GETTER

CERAMIQUE
‘ AbBAE 4 G 2
COUPE DE LA CHAMBRE A VIDE DIPOLE &
LEP Design

(CERN LEP Vacuum group)

» Antechamber and distributed NEG pumping, water cooling and lead shielding

CERN

\w Vacuum, Surfaces & Coatings Group Joint Universities Accelerator School, Archamps, February , 2018

NS

Technology Department



... heavy consequences on design

Courtesy N. Kos CERN TE/VSC

Courtesy N. Kos CERN TE/VSC

LHC Design

(CERN LHC Vacuum group)

- Perforated Cu colaminated beam screen to intercept the SR power protecting
the 1.9 K cold bore and to allow a distributed pumping
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1.2 Photodesorption
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Photodesorption

* The interaction of photons (light) with matters produce the desorption of neutral
gases inside the vacuum system

* The photon stimulated desorption (PSD) of physisorbed (meV) or chemisorbed (eV)
molecules can be direct or non-direct

* The identified transmitter are photoelectrons, secondary electrons and phonons
* The photon stimulate molecular desorption is a function of the nature of the material,

its temperature, its surface state, of the photon energy and irradiation angle.

* No model exists, therefore in-situ qualification of material is required for the design
of a future machine.
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Photodesorption: current understanding

* The photodesorption process is linked to the production of

x107*
photoelectrons and secondary electrons ~
. w 2
* Photoelectrons contribute to the gas load by ESD -
2
* The oxide and carbon layers are believed to be the source of ;f
. . . . . . . O | o, Cum
* The diffusion of atoms into the solid and their recombination %D — 2 B0 ;f |
at the surface plays a role Sf TIME ()
Fig. 5. Changes of outgas due to the bias voltage Va.
H2
AR T. Kobari et al Proc .of Vacuum Design of Synch
CARBON LAYER Light Sources Conference, Argonne, 1990
5e-9
0.FH.C. _|
COPPER 2§ CO or CO2 o leof Unbaked
' Z Electrodeposited Cu
O -
20 % 3e-9 .
OXIDE LAYER Eéj 269
CH 4 § f Baked
le-9| S5S 316 L+N
Fig. 6. Tentative Microscopic Model for PSD 00 1 2
from OFHC Copper. Ipe/(1 E) (pA/(mA GeV))
0. Grébner et. al. EPAC 1992 J. Gémez-Gofii et al. JVSTA 12(4) Jul/Aug 1994, 1714
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Dynamic pressure due to PSD

* The dynamic pressure decrease by several orders of magnitude with photon dose:
“photon conditioning”

* The photon desorption yield is characterised by n,qn

P_ Q + nPhotonsFPhOtO”S
S

Beam cleaning during the first period of LEP SOLEIL
107 f T T Ty
] Average pressure rise in cell CO7 normalized to current Vs. beam dose
, " [ | 1 1,608 F—y ——

107 L = FE T

é\ ! 1 i Non NEG coated stai steel i | updtaed 27701714 [
1 vacuum I
E . 1,E-09 \
S 108 ‘k—.
g * ] y = 4E-10x085 ]
=3 a i _1E0 b
S 107 - . g 2. b
& *. E ] mREALl
2 S 1 = |NEG coated vacuum vessels R
E #.. ‘ 2 :51.541 RiE =
§10 10 bt —l—i— \yszwl ‘A\mi i
A . L SR e R
1ith. beam P ~ 10" orr s ] e . B
§ s - With beam P ~2 10~ mbar
10' = i = i = e = i = T = — -
107! 10° 10! 10? 10° 10* 10° : © . o ) 100000
Dose (lTlA h) Integrated Beam Dose (A.h)
O. Grébner. Vacuum 43 (1992) 27-30 C. Herbeaux, Journée thématiques RTVide, décembre 2014
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Photo-desorption yield measurement

* SR light is extracted from a dipole magnet to irradiate the chamber at ~ 11 mrad
* SR fan is vertically collimated therefore photon flux < 4 eV are attenuated
* The gas load is measured by the throughput method via a conductance (72.5 I/s for N,)

» A wire and a collector are biased for current measurement to estimate the photon reflectivity and
photoelectron yield

G G
Qo=C(P,—Py) TIZFC(APZ_Apl) zF CAPZ
Q= 77F + Qo =C (P, — Py) With G = 4.3 10 molecules/mbar.|
Conductance Collimator
Valve Valve
‘Isolation’ 'Photon Stop'
Collector RGA
Wire Electrode J BA3 j

R
Leak ' ‘y—y_‘_l EPA
Valve = i % Valve
Capacitance v XValve [I=
Gauge O lon @ TMP
_N_ Pump JLN
Valve = Valve
Rotary

Valve X ©] T™MP ? Pump

{J?@ Valve

Gas Q| Rotary
Supply =r pump

J. Gébmez-Goni et al. J. Vac. Sci. Technol. A 12(4), Jul/Aug 1994, 1714

V. Baglin et al. EPAC 1998, Stockholm, Sweden.
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EPA Synchrotron Light Facility 42 - 1999
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Conditioning under photon irradiation

* Typical desorption yield range: from 10-3 molecule/photon to 10-° when conditioned

1x10?2 PSD molecular yield of cell CO7 Vs. beam dose
‘ VB e g eI gE =SS EEFH=cE I I EIE =S ETIZ B H
v — sl e o e B i [ [ e e el s e s g
W10° H s |5 ”\icmj DI IIOD-ZCIJIOE--TIa2I00
2 TRsee LTIl ML L—o= AHH — -+ +HHH — —F 4+ 4 +HH|— —+ A=+ HH
% [ e P -"\ A I e - HHH - —F 4 A - — A4 HH
'._ e ° - | [ ﬁ}_illlllll | [ R | I 11Tl
1104 R 2;?"!..‘. 1,E04 —————+—+—+++++ - WA +— e
E F . _ - d=-EEIZHA ——+td=-3HH
3 . Cs " oo & e e 1] i 1
§ 106 . = | Ly Jy =3B+ )
e IO . E L] R?=0,9767 |11
2 F o2 © = NI T 111111
[ = 1,E05 L L 111l | L1l
% - SEEHE=EEE
e g o i TToRH
3 B :__l_l_l_l_ll_ll___l_'l_'l_l_l'l_l'l_
i o
we’ Cu baked at 15 - NEG coated SS activated at 180 C
F L 06 EEEINT I NRIRT L1
L 1E+21 1E+22 1E+23 1E+24 1E+25
Ix10® T S e N EEmmaa Integrated photo dose D' (ph.m™)
%10 a® e wae? wae®  pao
Photon dose (photons/m) C. Herbeaux et. al. EPAC 2008, Génes, ltalie
O. Grobner et al.
J.Vac.Sci. 12(3), May/Jun 1994, 846-853
—a . . .
D » The hydrogen desorption is characterised by a
Mphotons =1 ,| ~— diffusion process: a = 0,5
DO M. Andritschky et al., Vacuum 38 (8-10), 933, (1988)
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Gas load

* The total desorbed quantity amounts to 15 monolayers for an unbaked system

1E-01
IE-02 —+ o i
F N
T B0 | e, 1E+16 ¢
2 B4 [ \ -
‘-c § * b2 \ N
g 1E-05 - . WA Q = fT]dF 1E+15 ¢
Ts) E 3\& 1 — C
8 1E-06 L s . NG i
=) g - Y E
E ko I o 1E+14 ¢
e w2 E
1E.0s | Unbaked stainless-steel ,Ls) i
3.75 keV = .
1E-09 T AT SRR R R ‘i‘) 1E+13 E [ ]
1E+18 1E+19 1E+20 1E+21 1E+22 1E+23 1E+24 g C
Photon dose (photons.m!) i
5 1E+12
- L
i .
TE+TT & Unbaked stainless-steel
| ST
_- 2 2 0 a’ 1E+10 . A Lol Lol | Llratl Lol . A

molecules/ 8.1 14.4 1E+18 1E+19 1E+20 1E+21 1E+22 1E+23 1E+24
cm? x 1015 Photon dose (photons.m™!)

C. Herbeaux et al. JVSTA 17(2) Mar/Apr 1999, 635
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Evolution with critical energy

* At low energy, the photoelectric effect dominates

* Above a few 100 keV, Compton diffusion dominates and produce a cascade
of energetic recoll electrons with a diffusion of secondary photons

D(Ho)~ECT,  p(CHy)~EX
7(CO)~EL,  5(CO)~EL"2

107! T T ] ll:l-l
OFHC Cu BNL y D = —
o : + EFA ||
E] - il - i R 5 | # NP
g o A DEI
£ 107’ \ ° 5 © 3 B L m e mn
:h. 1 = F _J 4 H
] ] ] " B i i mg
»g (w)} . E [ E 3
3 o A = 3 * 4
c o — 10 L -
; lﬂ-‘L © A — E
= ® A o »
'§ Y A B [ Y |
& o 150°C bake-out 1 g 0l ]
£ e a I & > é
g 10 A o mw =) :
E ;.5 T SeC A CHi bt r
LHC ® co 0 0= L d vl el
o co 10t 10° 10° 1o* 10° 10°
107 T — : Photon critical energy (e
10 100 1000 10000
Critical Energy (eV) O. Grébner. CAS 99-15

J. Gémez-Gofii et al. JVSTA 12(4) Jul/Aug 1994, 1714
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Photodesorption of NEG films

* Very low desorption yields
- Be aware of the difference between effective and intrinsic yields

S S Table 1: Summary of results from the non-activated test
Nintrisic = C + C X MNeffective chamber
Gas Sticking Photodesorption yield
V. Baglin et al. CERN VTN 98-04, 1998. probability (molecules/photon)
H, 0 1107
1E-6
CH, 0 2.5.10* Baked at
167 443 5 co 0 5107 80°C
S 1Es8 CO, 0 3.107
)
z 1ES Table 2: Summary of results from the activated test
= chamber
7 110 *ee -I:; - —
o et Gas Sticking Photodesorption yield
& 1E-11 i ——- ;‘F — probability (molecules/photon)
; o et _
1E-12 e - H, ~0.007 ~1.5-10”
Tt T T Y1 CH 0 2107
1E'13 | T L T T T T Irir] T S =
1E+19 1E+20 1E+21 CO (28) 0.5 <1-10°
. .Dose (photon-"lm) C.H.(28) 0 <3.10°%
Figure 2: Pressure rise measured in the centre of the -
TiZrV coated test chamber before activation (<1-10% cO, 0.5 <2107

photons/m) and after activation (>1- 10%° photons/m).

Activated at

TiZrV film on stainless-steel
A V. Anashin et al. EPAC 2002, Paris, France. 190°C

4.5 keV
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Photodesorption at Cryogenic Temperature

* Initial yield, n,, are smaller than at room temperature

1.E-02 T 1.0E02
aHz |
N co
0 .
B ocoz| |
% o CH4
2 1EL02 ¢ ’}’ 4 1.0E-032
= $ t -
i1}
¢ t
£ %%%%
s [t Hﬁ
i1}
z '1] %
C 1ED4 + 1.0E-04
B
. {
o
o1}
=
£ i i
r
% qE05 4 ‘1’ ‘1’ 1 1.0E05
i
£ i
a
1EDE b——— e e e e e e s e e s L 0EDE
0 50 100 150 200 250 200 80

Temperatu re (K)
V. Baglin et al., Vacuum 67 (2002) 421-428
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What about physisorbed molecules?

» Desorption of physisorbed molecules

Average removal coefficient (molecules/photon)

CERN
N/ S

0.1

=1
S
—_

0.001

0.0001

V. Anashin et al., Vacuum 53 (1-2), 269, (1999)

|0 wae H—E‘:l'o ® 5 o]
.O
)
[ ]
. A -
o ‘ AAA
o . i
o .', »
hd A
O
. e (CO2~68K @ H23K [3
m  CO25.5-20K A H2[4] |
s CO55-15K o H2[3] |
o CH45.5-20K 1
N wad il
10'¢ 10" 10" 10"

Average coverage (molecules/cm 2)

Stainless steel
250-300 eV

Perpendicular incidence
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COLDEX Partial Pressure (Torr)
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* Photo-cracking of molecules

CHy photocracking

“ %
Y
OO0 %
N © G . o o
DOGOGO000 “ @ CHs
Jii!x_p‘_;ﬁ o =]
o e G G,
o e Tl
o c ¢ e g
-0.5 0.5 158 \ 2 25 3

Time {h)

Beam off

3.5

Figure 5 : ~ 10 monolayers of CH4 condensed onto a BS
without hole prior to irradiation at 6 K

V. Baglin et al. EPAC 2002, Paris, France.
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2. Vacuum Instability and ion
stimulated desorption
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The phenomenon

* High current machines: ISR, LHC ...

* Beam current increase to 1 A

* Pressure increase up to 10
Torr (x 50 en une minute)

* Beam loss

CEfW
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The mechanism of vacuum instability

* Origin are ions produced by beam gas ionisation

dP I d°P
V—=Q,+n, oc—P+C—

» Quasi stationary long tube (C=0)

p, e+ Beam

I b
Q + n. O'—P=PS eam ~ amps
0 77|on e eff Co,

P= 0L
Seff [1_ Uion GIJ
S €

* When the beam current approach the critical current, the pressure increases to infinity

eS
(77ion I )crit = .
(o)

CERN
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Description of the mechanism

* In the case of a machine with distributed pumping (C#0) :

| X x+AX

dP_ Q "™%er_ Qo X Q)
dx* C C ‘ . X ‘

] ] < L .
" it vl e

! ’ i zchf(x)X:Lz -SP
* When the denominator approach zero, the pressure diverge
ol 5 smlob)>0 o onotf)< 2 = )<
n*Ce 72 Ce

SO Ty I < 210° (%)a therefore (nionl)Crit = 10 (%)0'

* In the case of more complex geometry, numerical tools are used
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lon desorption yield

* Varies with the material, the ion energy and ion species
» Several units of molecules can be desorbed by ions = Sputtering

2000 [ T T T T T T T )
2.3 —C— ass 2 1
—8— mass 4 I ]
2 L 1500 —— mmass 16 /J
—_—— 28 1
. : Z _._$ZZ44I 0.2-0.5 keV /
x £
137 ° . g 1000
Nco N §.
1 . §
° =500
x % Noble | He* Ne*, Art, Krt,
0.5 o H-cont | Xe*
x 2 0-cont  H2" CH, . CoH,™, 0
0 (-] I I | C2H6+
+ NL* + 0 0.2 0.4 0.6 0.8 1
o} 25 50 75 100 125 150 CO"N,",CO,
LHC beam current (A)
lon mass [amu]
. . O. Grobner, CERN 99-05
G. Hulla, PhD Thesis, Vienna Tech. U, 2009
L o L B B L S B S 1'4.""'""""""""""""
7 Unbaked H 3 12 Baked
g i 2 ] g [ stainless steel
ks stainless steel ] R ;
~ 1
5 5 N
= 5 08
g g 06 |
~ < i
g = 0.4 r
) / .
02 f
P P .I....: 0 O T T A SR SR S S S S S SN S S S SR S S T
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Energy (eV) Energy (eV)
A.G. Mathewson, CERN ISR-VA/76-5 A.G. Mathewson, CERN ISR-VA/76-5
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Conditioning and implantation

« A conditioning is observed but at high dose, some ions can be implanted !

7 keV, Cu Baked, Ar*

: —CH4
01 | \ , —C2H4
1 —_— o

—Co2
0.001

0.0001

1E+12 1E+13 1E+14 1E+15 1E+16 1E+17

lon dose [em™]

G. Hulla, PhD Thesis, Vienna Tech. U, 2009

01

0.01 |

0,001 |——

0.0001

7 keV, Cu Baked, CO*

T
~—

—C02

1E+12

—CH4

——(C2H4

Co

=—C2H6

1E+13 1E+14 1E+15 1E+16 1E+17

lon dose [em™?]

G. Hulla, PhD Thesis, Vienna Tech. U, 2009

* In the LHC : the maximum flux is about 3 108 ions/(cm?.s) i.e. a dose of 3 10%° ions/(cm?.year)

* In the LHC, there is no conditioning due to ion bombardment

CERN
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How to ensure vacuum stability ?

« Beam conditioning being negligible, one must decrease the desorption yield and optimise
the pumping speed

10'
—6— H2
- -CH4 .

rax === CO N N ~
2 {1 -w.-CO2 N
2L 100 \ o
= ]
3 \
S i \ \
AR m >
2 N /N
e RS / \
g -1 S
L2 10" ¥
Jé F '\ L] 7/ h 4 N
2 \ /7 N \
L A \ / J \
[ A4 ’ N\

I [ |

) Sensitivity limit ) _
102 : A : [l ' . : .
After cleaning 300°C 24h bake Argon discharge Up to air 300°C 24h bake

Sequence of treatments

A.G. Mathewson, CERN ISR-VA/76-5
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3. Particle losses
and
lon stimulated desorption
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RHIC

* Loss of ions from a beam leads to large pressure increases: 108 ...10-°> mbar!

110 bunches, Au™", : j s

7o 9.9 GeV/u [ . :

g 30000 / | : . 310% Au™", 9.9 GeV/u
%- : : lk -6 1,2 & 3 mrad
E:mnu : j T i

10600 : : :
IE-3
B & Lk
. E—— : :

—_— il RCNIE

| . - L
e | | 1510 : _ ] &(_

E 100
t L 83100 08y 15300 ez 00
g Time
E le07y
cE yolicr-pad, 2 ansdG 10248 yold-ee-pud, 1, snsdGl 049 0 rol2-eopud, 5, ansdBL 0050

le-087

W. Fischer et. al. EPAC 2006, Edinburgh, Scotland
105
1930 1935 1940 1945 1950 19:5% 20:00
Tirme

W. Fischer et. al. EPAC 2002, Paris, France
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High energy ions

» Desorption yields range from 20 — 20 000 molecules per ion

Dose [ionsfcm2]

1.6x10° 1.6x10° 1.6x10" 1.6x10" 1.6x10"
|__ 7.I.'— L oo I : .-’u:I '.‘uml'lrl:alrr]‘lr:;1I -
][’_}'? o ) = A:afier venting (b} H2x ]04
w g o € NEG coated, (200°C) |
5 3 r C: NEG coated, (300°C) [
+ B: Ar-0, glow discharged ||
Pb~>>*, 4.2 MeV/u, 14 mrad Dot i | =
o o oS COCTITE * (G He-O, glow discharged :_3_|
10° :_ N : 2x 100 g_.
— [o . [+
g g
£ g
E. Mahner et al. , = =
Phys. Rev. ST Accel. Beams 6, 013201 (2003) < 00l o e = 0107 2
-10-10‘ Ll . Ll . | . ...|. 2% 10"
0.01 .1 1 10 100

Beam time [h]

* The desorption is determined by the energy given to the electrons (electronic stopping force)

2 g otk (dE./dx)
Mion dE, S ="
i £ 2 m
h dx “wl o8 t 4
L. Prost et al. , PRL 98, 064801 (2007) ’ ‘
o G i 2 5 c 20 50 m:o

dE,/dx [Ne\f’/rr'g/C"nzl

* The desorption induced by the electrons is the responsible mechanism
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Remedies
» Use of NEG films (LEIR, RHIC, GSI)
» Use of beam conditioning

* Intercept ion loss on dedicated collimators:
- LEIR : 30 um gold fim on SS 316 LN, perpendic
- GSI : 0.1 um gold film, perpendicular
incidence. Absorbeur inserted in a
secondary vacuum chamber. NEG film

Figure 2: Horizontal cut through the installed SIS18 ion
catcher prototype. Yellow: beam, red: secondary chamber,
brown: beam absorbers.

W

BFPP 2.5mm bump
BFPP no bump

C. Omet et. al. EPAC 2008, Genoa, Italy

- HL-LHC : movable collimator — 150 W of |
7 ZxTeV ions coming from BPFP

0,00+
)

BFPP:
208Pb82+ + 208Pb82+ 9 208Pb82+ + 208Pb81++ et S

0.02}

. J. Jowett

3a E:ﬁ:j:v

0 100 200 300 100 500
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4. Electron cloud
and related surface parameters
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4.1 Introduction
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History: observed at the ISR

« Vacuum stability test of a baked aluminium chamber 200°C, diam 160 mm (1976-1977)

» Observation of pressure spikes, particularly during transverse displacement of a proton bunch

* The existence of the spike varies with :
- bunch length
- number of proton bunch
 Existence of a current threshold (120 mA for 20

—10t

Pressure

bunches) —1078
- Different gas composition (dominated by H, instead of ) A
CO) 1=0.14A

ti L
* Measurement of a significant electron current on the 0. ™ "50s

clearing electrodes

Fig. 1. Pressure spike observed
during slow displacement of &
bunched beam across the aperture !

—> Gas desorption is stimulated by electrons e udial sosiricn feun
centre of the vacuum chamber
O. Grobner, ISR-VA/77-38

—> Electrons are accelerated by the proton
bunch: multipactor effect

CERN
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PEP-II

* Electron cloud in the positron ring was T l . .

foreseen during the design phase: TiN . /-
Coatlng On Alumlnum g 60 — J. Seeman et al., EPAC 2000, Vienna, Austria |
_ E‘m_ Electron [ L

- emittance blow up above 800 mA 2 | Multipacting
(SR light) E . ‘ B
t'ﬁ, I

1] _I.z'_‘l.:l_t_illj..t_t_:r:z:; gstisiw

. - I T
* Observation of non linear pressure 0 200 400 @
e* LER Beam Current sress isamu

rise

» Winding of solenoids in the straight
section

—> Luminosity increase
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LHC mechanism

20 ns 20 ns

Schematic of electron-cloud build up in the LHC beam pipe.

F. Ruggiero et al., LHC Project Report 188 1998, EPAC 98

* Key parameters:
- beam structure
- bunch current .
- vacuum chamber dimension Q+ UElectronsFE'eC”O”S
- secondary electron yield P=
- photoelectron yield S
- electron and photon reflectivities

CERN
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C

\

How to mitigate the electron cloud?

* Once again, play with the key parameters :

ERN
N/ S

- Reduce the photoelectron yield (grazing incidence has larger yield than perpendicular
incidence)

- Reduce the secondary electron yield (scrubbing, NEG or amorphous carbon films,
geometry)

- Reduce the amount of electrons in the system (solenoid magnetic field, clearing
electrodes, material reflectivity)

- Adapt the beam structure or the vacuum chamber dimensions to reduce the multiplication

/_w/ Vacuum, Surfaces & Coatings Group Joint Universities Accelerator School, Archamps, February , 2018
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4.2 Photons from SR
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Photoelectrons

* Photoelectric effect : when a photons irradiates a surface with enough energy, it produces electrons

* The energy of emitted electrons varies from :
0 eV to (hv—-W;) eV

* Most of the electrons are secondaries

*Afew 0.1 % to 1 % have high energy

—35eV
—100eV

Gold

0 10 20 30 40 50 60 70 80 90 100

Photoelectron kinetic energy (eV)

R. Cimino et al. , Phys. Rev. ST Accel. Beams 2, 063201 (1999)
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EDC under SR irradiation

* EDC: Electron distribution curve
* SR dose reduce the amount of low energy photoelectrons

* The total yield is decreased by 40 % after 1 day of nominal LHC operation

n OFE Colaminated Copper

— As received surface; PY=0.103
(dose<1 min. LHC operation)

—— After ~ 1 day LHC operation; PY=0.063

Intensity (a.u.)

-2 0 2 4 6 8 10 12 14
Electron energy above the vacuum level (eV)

R. Cimino et al. Phys. Rev. AB-ST 2 063201 (1999)
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Photon reflectivity

° From 1 to 80% forward reﬂeCtIVIty Copper reflection for unpolarised photon with 0 Angstreom roughness
1 e —
* Low reflectivity at perpendicular incidence s i ““\‘\
08 ——5.00E-03 \“ {/
- High reflectivity at grazing incidence i.e. o | s v~
this is the case of SR in accelerators QL ' o (
§ 05 —1.570796327
* In LHC, 5 mrad gives more than 95% o
reflection \
02 \\\
» Copper adsorption at 920 eV N
45 eV 194 eV 0 \NSSS e “SSSSSS ‘ ‘
Material Status R (%) R (%) 10 110 210 310 410 510 810 710 810 910 1010
Cu roll as-received 80.9 77.0 Photon energy (eV)
bended Henke databook
Cu roll as-received 21.7 18.2
bonded air
ba(';"-d — — — DCI, Ec=3 keV
electroplated . . ]
Cu sawtooth as-received 1.8 -
150°C, 9 h 1.3 1.2
150°C, 24 h 1.3 1.2
TiZr film as-received 20.3 17.1
120°C, 12 h 19.5 16.7
250°C,9 h 19.9 17.4
350°C, 10 h 20.6 16.9
CO saturated 20.7 -

V. Baglin et al., Trieste, 1998 O. Grébner et al.. 24-4-1988
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4.3 Electrons from the electron cloud
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Electron Distribution Curve (EDC)

* Penetration depth: 1 — 10 nm

Electron impact

* The electron distribution curve shows :

Vacuum

4
JE:
'1

- Component at reflected electron energy
- Secondary electrons with low energy

AN
&
N
S
g
g 3 * most of the emitted electrons have low energy
Zm C ©
=
T 3
KA N m_a
Z c
' 0 Ep=312 ¢V
CASINO code = -
P P PO N I N £ Secondaries
m
- Escape depth: <10 nm a
- Reflected
electrons

Escape Depth (A)

. .
T T N S N L1 L1
0 80 160 240 320

% % % o zosdo so iobo 2000 Kin. En. (eV)
Electron Energy,eV

Courtesy R. Cimino
Mean escaped depth of electrons in solids and "universal" curve.
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Secondary Electrons Curve

_ number of produced electrons * Technical material
0= « Maximum around 200-300 eV

incident electrons

*Onax ~ 21035
4
& Alumniom 99.5%
.I‘i-- m Titamoum
e a Copper OFHC
¢ I',.,' wm Stainlass stes]
. *, g Titd
§aBA A "'..
' 'Il .lilll ady "l-.-
.t:!"“'lllll|,|| 11;;"‘1
HEy
HEHTTT
I::I —-5s -bNh0_n__nNhN—

0 500 1000 1500 2000

N. Hilleret et al., LHC Project Report 433 2000, EPAC 00
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Very low SEY

204 ete, + AT
T
N x 2h120°C
18 T .X xx’ o
g R 5 2h160°C
164 ° S5, s 2h200°C
. s, o 2h250°C
X
L DR e, + 2h300°C .
) o Hog Fxlse 7
1.2 {ex B, 00,
x -
AQQM%QQ%A DI—D— u xg%x% .Q.'OQA
1.0 15 ! - QQQQQ . On FEREEE §§§gi“
i QQQQQ“ Ooog
0.8 3 ol dogg 2000049 o Dunu%
o
0.6 T T T T T aﬂ'tﬂl
0 500 1000 __ 1500 2000 2500 3000
PE energy (eV)

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

* TiZrV film

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

The origin of the low SEY is different in both

case ;
- nature of the surface

- smooth versus rough surfaces

ERN
/_w/ Vacuum, Surfaces & Coatings Group

>\ Technology Department

mE g
- - ™
[ ] -
L} 1 -
== e **%e * = n
. 0.” "
L P - L
- Cee
[ ¢ * * -
* *eoo "my
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air exposure
200 400 600 800 1000 1200 1400 1600 1800 2000

energy [eV]
M. Taborelli et al., ECM workshop, 2008

« Amorphous carbon
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LHC : Scrubbing of the Surface

* Photoelectrons produced by SR are accelerated towards the test sample

* Reduction of SEY under electron irradiation is observed j
i
*1to 10 mC/mm? is required e
» Growth of a carbon layer (AES, XPS) SmaXq
2.4
4 !
2.2 -
H A
i ¢ A P _!/350V
2.0 l—‘_l'r I
* 4
c>é 1.8 =
= JREEN = Ay
(o 16 ® 0then 350 V s
' 23V > A p
A44V * A A"
mo7Vv A A
1.4 eV ‘l "
ey ] |
. = S RN
354V AT A
. 12 A 830V ‘-_T*A AX
LHC design: . e )
Al
omax ~ 1.3 1.0 e e e I e
1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01

Dose electrons (C/mm?) _ _
V. Baglin et al., Chamonix, 2001
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SEY at cryogenic temperature

* Beam scrubbing at 10 K but SEY increases with gas condensation

Syax VERSUS COVERAGE

221 rcm L
Fully scrubbed Cu 219 | 1S
1.2 200 | +C0O27 _
I 4 CH4 RANGE 350 eV
: o total 191 | 4CORANGE 300 ¢V
|y | [ ACO2RANGE350ev i

1.0 P DR
; : 17 B 4y a . A . .A [ ] [} 0'. . . .
I Contribution L . " A A
; of secondaries ' )
0.80 - to & 1.5
[ 1.4
L 1.3 ‘ ‘ ; ; ‘
8 060 -1 1LE+12 1.E+13 1.E+14 1.E+15 1.LE+16 1.E+17
L COVERAGE (MOL.CM-2)
| N. Hilleret. LHC MAC December 2004
O 40 L A Variation of maximum yield with amount of adsorbed wate1
' L s 24
r -~ ATVACTCERN 1995

0.20 1 Contribution of reflected

electronsto o

0.0

[ P R T O AT S N Y NI AN S Y N H S SO N N N R S

0 50 100 150 200 250 300 350
Primary Energy (eV)

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

0 20 40 60 80 100 120 140 160 180 200 220
Number of monolayers

N. Hilleret et. al. Chamonix 2000
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Electron desorption yield

» Unbaked copper
* Threshold around 10 eV

0.85

E-E,

BE)=n,| ———
n(E)=n, 300-E.

Table 1: Fit parameters
mo [ {molec./e”) Eg [/ eV

% ¥ PR W I i 14
CH, 2.1 % 10-2 75
co 5.8 x 1072 7.2
COy 2.7 % 107 0.1
Ha 1.9 % 10° 12.7
HaO0 3.1 %1072 —22.90

_ number of desorbed molecules

7= incident electrons

M molecfa’)

Figure 5 Electron induced desorption vield as a funetion of the electron
energy. The values for 20, 50, and 100 eV have besn obtained by interpolation
between the two measurements shown in figure 4 at a constant dose of 1.4 =
104 = fem?.

G. Vorlaufer et al., CERN VTN, 2000
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Electron dose

* Reduction of the electron desorption yield with the electron dose

—a

10' R R B A R B SR L T S D
SR B | | n(D) =7, D,

10
| H, | CH, |[H,0]| CO | CO,
o 210 25102 1101 35102 5107
il: D, 3 1 6 2 4
| x 1014
| a 047 062 066 049 054

M/ (maolsc&7)
=]

10
10k
el S T AT T O AT TR RAR 1T 1l

2 312 1 n'} 1|:|I4 1|:1! 2 D1H - :l w 1|:|I5- 1|:1'=

Diose | (= /em™)

Figure 3: Effect of the electron dose on the electron induced descrption vield
of an unbaked copper sample. The electron energy during bombardment and
measurement. was 300 eV,

G. Vorlaufer et al., CERN VTN, 20
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Electron desorption at cryogenic temperature: Cu

* The yields are very large and range from 0.1 to 50

» For a monolayer (10* molecules/cm2) oo
E = 30 eV
" 100% H, "
lonp | A 25% H, s A R .“. .A ,t .
n 500 5 10 05 wf _
Studied for 300 eV electrons with : Ol T
1) Pure gas | .
2) Equimolecular mixture of 4 gases LE+13 LE+14 LE+15 LE+16 LE+17 LE+18 LE+19

COVERAGE © [atoms / cm?]

3) Standard LHC gas composition
Fig. 5. The H: desorption vield as a function of Hs coverage for different condensed gas composition (electron energy 300 eV).

100
E = 300 eV m 100% CO,
| |
u 100% CO + 90.70% CO, " . - .
|
I . . [ | A gimNi EHE
i 5% CO . 4 25% CO, . ll‘ F i 2 P
 62% CO . B
10 - u A ks -
A n
im P A
" m Em 1
. L™ " Fy gigEs 0.1 . a A
b | * i
* » Y * »
oh . +% . + a
1
|
A
* i
ol : : : : : . 0.0 ; ; ; ; ; '
LED3 LEsld I LE216 LEs17 LEsls LEs19 LE+13 LE+14 LE+15 LE+16 LE+I7 LE+I8 LE+19

COVERAGE & [atoms / l:mE] COVERAGE @ [atoms / cm?]

Fig. 7. The CO desorption vield as a function of CO coverage for different condensed gs composition (electron energy 300eV). Fig. 8. The CO, desarption yield as a function of CO; coverage for different condensed gas composition (lectron energy 300¢V).

H. Tratnik et al., Vacuum 81, 731,(2007)
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4.5 Beam structure
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Multipacting: Influence of Beam Structure

oo ® NEG-NEG Transition - SVT Gauge
--®-- NEG-NEG Transition - SVT Gauge
900809 H{ _, cwTransition * ooeor | A CW Transition A
A -
- e | Beam intensity:
=== — Bunch intensity: ' y't -
E 6.00E-09 [—— i 5 ressure Inearl -
P a threshold effect ; P Y
g 5.00E-03 % A
& . 00E- | § )
§ 3 "' 2.00E-08 . . .
1.00E-09 ° e
A e e o ° ° e
0.00£400 eameesszzprozIIiTIII —t"_-' * RYTIRV MPUSSESECR S L] ht
Bunch intensity [p/b] ) Number of Bunches
T T T 1 3107
G. Bregliozzi et al., IPAC San Sebastian, 2011
810" . SR
- Time separation: 1,5 q
‘g" Non-linearity o .
L 1
%'610'*” 20 3 P = Q + 77Electronsl—‘Electrons
1 3
= 3 S
i ] =
c ] -
g 115107 8
- 4mm ] 0 PP N e LOST T
8 \iﬂ g‘. I;_.' . J':"h.- _JG_F =:_.
z 4110t 3 [ 5
1 — - I 2 e Nt ] [ - —— . :_r‘-_p_ N
i 2107 \ g s | |2 K . y:
F4 - 1 o y : /4
15107 3 (/" i
1 Frr [ 4
4 - h-ll'll ."-!.."'- hnl ."‘.’.“.-
VGI.lS?]Ll.B \e~a { VGPB.237.7R1.B
001 1 10 1000 Schematic of electron-clowd build up in the LHC beam pipe.
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Lecture 4 summary

* In accelerators, the circulating beam can contribute to stimulate molecular desorption
* Those phenomenon can lead to much larger gas load than the thermal outgassing rate
* Photon stimulated desorption originates from SR

* lon stimulated desorption originates from beam gas ionisation and can lead to vacuum
instability

» Particle losses

* Electron stimulated desorption originates from an electron cloud
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Some References

* Cern Accelerator School, Vacuum technology, CERN 99-05
» Cern Accelerator School, Vacuum in accelerators, CERN 2007-03
» Cern Accelerator School, Vacuum for particle accelerators, Glumslov, June 2017

» The physical basis of ultra-high vacuum, P.A. Redhead, J.P. Hobson, E.V. Kornelsen.
AVS.

« Scientific foundations of vacuum technique, S. Dushman, J.M Lafferty. J. Wiley & sons.
* Les calculs de la technique du vide, J. Delafosse, G. Mongodin, G.A. Boutry. Le vide.

* Vacuum Technology, A. Roth. Elsevier Science

» Foundations of vacuum science and technology, Ed by J.M. Lafferty. J. Wiley & sons.

Some Journals Related to Vacuum Technolgy

 Journal of vacuum science and technology
* Vacuum
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Thank you for your attention !!!

CERN

\/_w/ Vacuum, Surfaces & Coatings Group Joint Universities Accelerator School, Archamps, February , 2018

N/ S

Technology Department



CE/RW
\



Complementary
iInformation
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1.1 Synchrotron radiation
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... heavy consequences on design

* Extruded Aluminum
* Ex-situ baked to 150°C

(a) Crotch absorber for absorbing - 627 (80%) of the
unused SR Light from each bending magnet (BM)

(b) Local pumps (TMP+SIP4NEG) S
” . N
for pumping the PSD outgas \

Crotch Absorber

B2 chamber

TPS Design

G.Y Hsiung et al.

* A complex vacuum chamber design with a light extraction path, pumping and
instrumentation ports and power absorbers (crotch)
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1.2 Photodesorption
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Desorption yield vs gas load

» The quantity removed during the cleaning process is a useful information to estimate
intervals between getter reactivation or surface coverage on a cryogenic surface

Unbaked stainless-steel

B Baked OFHC Cu TE-01 g 3.75 keV
107 3.75 keV e i . ]
T 100 - | I el 1"“\
8 ry —~~ L
=) D ‘
f’_‘ 1074 Lo Py Et’:":‘\j\ § - —_" \
- &) L . o @ Somm
% 10—5 "‘\Q —i "g_‘ 1E-04 E T \ ‘ @
E W\ n=rnge | g . Y
S 10 B 1E05 ¢ lco]
E e i \ 2 E ¥ \
= T | = etaCH4 [=) F
m 10 = ctaCO E 1E-06 -
—a— c1aC02 \ \ = E [1,0]
10—8 ) I L A N X \ A : x Eﬂ ;
10°9 104 107 102 10! 10° 1E-07
Desorbed molecules (Torr 1/ m) 1E-08 i | SPUUUR I VPR IR 1 % B P
O. Grébner et al 1E-05 1E-04 1E-03 1E-02 1E-01 1E+00 1E+01
- ' Q (Torr I m?)

J.Vac.Sci. 12(3), May/Jun 1994, 846-853
C. Herbeaux et al. JVSTA 17(2) Mar/Apr 1999, 635

L m =] e

N, (molecules/ph) 9.2104 23104 3.710% 5510* 8.810° 44104 5.710° 84103
Q, (Torr [ /m) 3.0102 4510% 8.410% 1.1102 19101 39103 5.7102 4.0107
Q, (molecules/cm?) 2.3104 3510 6.510® 8510% INSAO5N BRSHNIOTN ATENIH N S22 NG
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2. Vacuum Instability and ion
stimulated desorption
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lonisation cross section

* It is a function of the speed & the charge of the projectile and of the nature of
the residual gas.

o= 47[(%}2 Z—E{M {In(’g—zz)—ﬂz}rC}
mc ) B 1-p

F.F. Rieke, W. Prepejchal , Phys. Rev. A5, 1507 (1972)

lonisation cross section for proton beam

1E-21
Tonisation cross-section
(in 1018 cm?)
Gas 26 GeV 450 GeV | 7000 GeV
H, 0.27 0.36 0.45 .
He 0.27 0.36 0.45 =
CH, 1.9 2.5 3.2 =
H,0 1.4 1.9 24 S 1E22 e He
N, 1.6 2.2 2.7 o
cO 1.6 2.2 2.7 i = CH4
0, 1.8 24 3] o H20 | "
Ar 1.7 24 3.1 o co
CO, 2.5 3.4 43 f ——02
—m—CO0O2
1.E-23 : : :
1 10 100 1000 10000

Beam energy (GeV)

—> Heavy gas must be avoided
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lon desorption S(E)

==Electronic

» Described by the nuclear and electronic stopping force 0 ]
(stopping power)

-
=}
2
=}

- Regim
I |
E, max at s¥0.3

o
=]
=1

* Low masses (H,) are desorbed by the electronic
energy transfer to the lattice

Stopping Cross Section
[eVem?/10**Cu-atoms]
@
[=]
5]

=
1=}
=}

- High masses are desorbed by the direct nuclear é
momentum transfer between two particles ° —

0.0001 0.001 0.01 0.1 1 10 100
Energy [MeV]

Figure 4.3: Electronic and nuclear stopping cross sections for Ar*-ions incident

on copper.

10 : 1
! He+ . = -a
= Ne+ | . NI+
3 " Are b et " CO+
e T N = A- Sltat i " CO2+
1 L P
fleo __l-'!'.-'.' - T u Xe+ Mh2 " fit
= fit .
’ ---Power (fit)
Power (fit)
y = 0.8686x"55% y = 0.8225x-07%
o 0.1
0 1 2 3 '
0 0.5 1 1.5
Stor [MeV/(mg/em?)]
S0t [(MeV/(mg/em?)]

Figure 6.43: CO desorption vields as a function of the total energy loss obtained

- . L [ 3 . . el elds as a 1 [ ) a1 enerey a e
for noble gas ions incident on copper. Figure 6.48: Hy desorption vields as a funetion of the total energy loss obtained

for Xj’—iwns and oxygen containing ions incident on copper.

G. Hulla, PhD Thesis, Vienna Tech. U, 2009
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At cryogenic temperature

 Desorption of physisorbed gas

lon Induced Desorption of CO2/CuU{7TK)

= 5 kel Ar+
o 5 ke HE+

pr

(2]
[=]

Total Yield {molecules/ion)
b

10 F
e
5/
a i . L i
0 1 2 3 4 5 <] T

C02 Coverage (1E19 moleculesim2)

Figure 1. Total desorption yields from adsorbed COL/Cu(77TK) induced
by bombardment of § keV H.™ and Ar* jons, plotted as a function of
CO; dose. The lines indicated are best fit lines drawn by eye through
experimental points.

J. Barnard et al., Vacuum 47 (4), 347, (1996)

aS

1E+05 7

Coefficient de désorption (molgcules.ion '1)

1E+02

SiE+04 4

E+03 7

* Critical current is changed to | =

(nion + 77i'0n )e

y Vacuum, Surfaces & Coatings Group

>\ Technology Department

o)

H,, 32K

——0,5 keV|

./ 7 —=—1keV

T —+—5keV
10 keV

1E+14

1E+15

1E+16 1E+17 1E+18 1E+19 1E+20
Taux de couverture (molécules.cm™®)

(N. Hilleret, R. Calder, IVC, 1977)

N’y ~ 2000
Ncor™ 2

@ 5 keV and 1 monolayer

*It is a function of the geometry, the gas specie, the sticking coefficient and of the 2 desorption
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LHC beam screen stability

* A minimum pumping speed is provided beam the beam screen’s holes

e
(77| I )crlt - Seff

_-

(M)er [l 1300 80

- Beam screen’s holes provide room for LHC upgrades ..... Courtesy N, Kos CERN TEVSC

* NB : In the long straight sections, vacuum stability is provided by TiZrV films and ion pumps
which are less than 28 m apart
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Pressure increase in LHC due to ions ?

* The ion flux is a function of the pressure and the beam current

fion = al P ~310°%ions/cm /s =310" ions/nvs
e

 For nominal parameters, P~ 108 mbar and | ~ 600 mA

* lon energy will be about 100 eV, so the desorption yield about 2 molecules/ion

=2 10°® mbar.\/s/m

* Beam screen pumping speed, S
S=3.63A, /% ~1000 A/s/m

* Pressure increase due to ion: AP = Q =10 mbar

=>» No visible pressure increase in LHC
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3. Particle losses
and
lon stimulated desorption
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Mecanism

« Surface effect (except diffusion H,) due to a thermal activation

* « Inelastic thermal spike model » : a temperature map coupled to the thermal desorption model

i r
X ImaIx N N ) IE}TES :)
N = Vo T(r.t))-n(r.t)-exp| ——— | - 27 - rdrdt.

M. Bender et al. , NIM B 267 (2007) 885-890

Xe**, 1.4 MeV/u, Perpendicular

BE-11

lemparature [K] desorbed
malecules

3E-11 2930

300,0
400,0
500,0
00,0
700,0
00,0
900,0
1000

TE-12

2E-12

6E-13

1E-12

time [s]

BE-14
BE-15
LE-15
8E-16

3E-16

25 50 75 100 125 150

radius [nm] 10 20 a0 40 50 60 70 a0 90 100
radius Inml
Temperature of atomic Cu subsystem after Xe impact Desorbed particles per Xe per dt

ncalculated - 185
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4. Electron cloud
and related surface parameters
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4.1 Introduction
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KEKB

* Cu OFHC vacuum chamber, unbaked, NEG
pumping

« Emittance blow up in the vertical

plane of the positron beam

* Positron bunch instability due to the
cloud of photoelectrons

*Observed in multibunch mode

K. Ohmi, F. Zimmermann, PRL 85, 3821 (2000)

* Installation of permanent magnets
then solenoids

—> Luminosity increase

LER Beam Size at the IP [Um |

Observation at IP

™ GF single beam
& q two beams

0 100 200 300 400 500 600 700
LER Beam Current [mA]

Y. Funakoshi et al., EPAC 2000, Vienna, Austria

KEKB LER Solenoids
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RHIC

« Stainless steel vacuum chamber | | —
baked at 250°C in the Straight sections Ramp 1797 f"'/ ions total

39 bunchces nnic«.tcdj
< 3FE-+10 ions towal

ke T

» Stainless steel vacuum chamber
cooled at 4 K in the arcs

fons

l 10-bunch mode ]

55- - .
S5E+8 ion/bunch J‘ S-bunch mode

QE+% ons/bunch

i I)“'h

!

1}
* Pressure increase with protons and i /

(l-llv? r

lons beams I 518

151100 16IRTIO0 16IRII00 1R341100 1RMI00 (RIISI00 1R347I00 1R3900 IRsGEre0 RIBR 00 1RETANS IRIGTI0 LSi0Ge 00 17z 17c03r e

- 30 minufés >

!
i
i
s

¥

* NEG, bakeout, solenoids, beam | 408 _
BO11 CCG I' > 6 decades/min.
Structu re ..... { Pressure platcaus ~ | (lgL ade/min.

Hth falling at

| constant intensity
‘ P12 CCG
i'
I \\
g
i

| >y
1 .-.'.[g_...-m S— J. —— - el . S

Prcssureﬁ[ Torr

—> Luminosity increase

YOI2 CCG

15(TRI00 169XTH00 (KR TG00 85 40000 LEMTI00 LENIEIO0 IR0 1518000 1R RI00 SHRI00 1565100 SRETI00 1RIES) IO 1740000 17903500 (Tyasi0n

Fig 2. Pressure rises during 110-bunch and high intensity 55-
bunch mode Au operationsy, Hseun et al., EPAC 2002, Paris, France
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SPS

* Unbaked stainless steel vacuum chamber
7.7 10" protons/bunch

—MBE 31540MEE Dutycyck ~ 3 &
* Pressure increase observed with LHC 697 —wan300s0u3 PP —
55 H —MBA320660MEE 00— — — — —— — — — — stk —
type beams %5.0 1 sddalsomm chamber31s3s | 20b _u'll _ " 60E+12
§45 _ v Numberofpwns | _ N2 31540 £ spE+12
* Measurement of electron current on a e Hi e P A WY - - - - - - $ o510 8
. Bapgdl - oo Ay | ot — 1
pICk up E;E ______________________ _-__:;—3.0E+12£%
i B e T i e
ﬁlsi_;m:‘__________________ _______:E—l.OE+12
10 -l"é\‘\".“""“‘ =t . . . . . .  0.0E+00

1742 17489 1?57T18:D4 18:11 1818 1825 1833 1840 1847 1854
J.M. Jimenez et al., EPAC 2000, Vienna, Austria

* 60 h of beam conditioning

—> Ok for LHC beam injection

Relative Pregsumrss decwease

T T T T T T T T T T T
000 1000 2000 30400 4000 E000 60400
LHC beam tne hhmm)
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Simple model

» Synchronism condition:

2r
L <,
Av
Schematic of electron-cloud build up in the LHC beam pipe.
 Speed increment due to the kick
A n
Av = P =2cr, b )5 0.1 ns
m r . \
_ > 20 !
* Intensity threshold: 2 s \ \ 0.25 1s
= LS ¥
> MR
"y SENTINIGE
A
— 5
ny = | S
- L 0
FeLlopp 0 0.005 001 0015 002
. Radial Positi
- Enough energy gain due to the o B : f': ;51 lon (m) U
. . igure: ectron energy after the passage of a bunch in
kick to produce secondaries: LHC wversus the initial radial position for 0.1, 0.25 and
A 2 2 2 0.5 ns bunch length. The dotted curve is calculated for the
AW = P —92 mc r 2 & stationary electron approximation.
e
2m e r

O. Grobner. PAC 97, Vancouver, Canada

Electrons in the vacuum chamber wall vicinity receive a kick of 190 eV,
those in the beam vicinity receive 15 keV.
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4.2 Photons from SR
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Behaviour with critical energy

45 eV 194 eV
RTR. Material S R | PY* | R | PY*
* SR irradiation at EPA aterl tatus ©) | (eph) | %) | (eiph)
o Al unbaked - 0.11 - 032
 Grazing incidence, 11 mrad Cu-smooth unbaked 81 011 | 77 | 032
Cu-

L : : . unbaked 5 008 | 7 0.08

* The photoyield increases when increasing electrodeposited
critical energy. Cu-sawtooth unbaked 8 0.03 7 0.04
TiZr unbaked | 20 | 006 | 17 | 008
- Photon reflectivity slightly decreases when TiZr activated | 5 | 95 | 17 | 003

at 350°C

increasing critical energy

I.R. Collins et al. EPAC 1998,Stockholm, Sweden
* PY*: photoelectrons per absorbed photons

NB : molecular desorption yields are linear in the range, 10 — 300 eV.
So the photoelectron yield should be also proportional to critical

ener
Y PY*~E,

CEfW
\ Vacuum, Surfaces & Coatings Group

N/ S

Technology Department Joint Universities Accelerator School, Archamps, February , 2018



Photoelectrons for a LHC type beam screen

* The Photoyield decrease with beam
conditioning ~ 40 um

* It varies from 1 to 4 % under perpendicular
incidence

A
v

4.0E-02 i
. Sawteeth, Ec=194 eV

35E-02 ‘
g i Forward reflectivity ~ 6 %
s
*
> 3.0E02 ]
=
e
> * Vented to atm with N,
o
= *
B 25E.02 . R
T - L
8 - .
g * i .

2.0E-02 "

*M el p
l .
1.5E-02 | YYY Y ¥  NMyYYYy
1.E+19 1.E+20 WEdBh Bagin  1E+22 1.E+23 1.E+24

Photon Dose (Photons/m)

V. Baglin et al., Chamonix, 2001
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Photon reflectivity of LHC type material

1.00

* The saw tooth structure reduces the reflectivity « Forward Flat Cu
| m  Backward Flat Cu
[ - Diffused FlatCu . Diffused Saw tooth Cu
080 |g
f] R
I 0.020
Z 060 | .
% r 0.015 ',.ﬁ_'
5} r et
Analyser/X-ray detector !d:) [ : : (ol
a | yserfx.ray. e 040 | 0010 [ 7 B
Flat sample | Saw-tooth sample r :{
0.005 =
i ° ° F Lo
Forward scattering 80% 4% 0.20 H
™ ) 20 r . 0 40 A 20 100
Back scattering 0% "o ogoo LJ__J ey
Diffused 2% 4% L
0.00 | '
Total 82% 10% == 760 o0 860, |
Photon Energy (eV)
1
o 5 2,
» 0.8E 1.2x10 ] 4x10 1.2x10°
107 b [] Saw tooth Cu ] £ 08 Z 08
- ] 2 04/ 8
n (] Flat Cu 0.6 o 34 % 04
1 ] 0.0 | sms—————— &
> 107 o ] et 0.0
= - £ ] 120 140 160 =
= = = N 2 120 140 160
8 | 2 0 4-_ 2 2 0,
= 3| 1 — O E o
E 107 o 7 4
i 0.2 Flat Cu r Saw taoth
107 | || ]
] L :l 0_0—: Lﬁmm 0
10—5 Il ] [ L P g
0 50 100 150 50 0 50 9A100 150 200 -50 0 50 o 100 150 200
A
O,

N. Mahne et al. App. Surf. Sci. 235, 221-226, (2004)
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4.3 Electrons from the electron cloud
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Geometrical effect

* After a coffee discussion, a - Original idea with groove only: v
drilled sampled by the VAC

workshop (H. Kos)

B

a..

By A. Krasnov and
° - 2
@ ~1 mm, 92 holes/cm By L Wang et.al

SEY max < 1.3 for Cu unbaked !!

Drilled Cu vs. air exposed Cu

23

21

15

1.7

EI.E —#— Drilled

b 1\\-\- Cu
—— Ref.

T Cu
11 f M‘N&K E= i

'"*-_._*_____1'-_-_-_‘
T _-_""'"F-—..‘.___“

o 500 1000 15(E 2500 3000
nergy [e%?

Measurement courtesy A. Kuzucan

A fancy effect or a real application ?
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Laser Engineered Structure Surface

* Principle: laser treatment of a tube at atmospheric pressure
* Production of a micrometric structure

»

paETNE M
ERE AR ER R
EEEERELES

ERNERYE R
I NI REESEE2EE

L.'MA4A..~J-‘

Appl. Phys. Lett. 101, 2319021 (2012). Physics Highlights — Physics Today (February 2013). Opt. Mater. Exp. 1,1425 (2011).

\
. ; SEY on Dundee sample 3
16 ‘ T T T
. : 1.4 bovonidin b feeon. SAMPlR 3 8 —O— 4
g i sample 3b —C—
-é,“ 12 - : ; sample 3¢ —0— |
% 1 1k 4
ED‘E
§ - Py )
g R0 00—~
04 u as-receive 9205200 e i
) 0.6 — P (e Oni -
-~=-Cu after conditioning AT I
. —-Black Cu as-received ,”A g (5 < O ] 8 N
N «Black Cu after conditioning 0.4 . (fg\j : maxX
! 0 100 200 300 400 500 600 700 800 900 1000 r'“‘P - i
Primary electron energy (eV) 0.2 _"._;,‘_,,. R CERNdata, 2015 rrereererasenranies I R R
[ ¥}
; H . . ] | | | I I
Applied Physics Letters 12/2014; 105(23): 231605 0
0 200 400 600 800 1000 1200 1400 1600 1800
Primary Energy [eV]

« Still under development by STFC and Dundee university, so it came too late for the LHC construction !
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Origin of the SEY reduction at 300 K

R. Cimino et al. PRL 109, 064801(2012) o)
max
sp Cils
LHE c-H {
’! sp? sp? e
L P . as receive f 22
g
% fully scrubbed 1.35
 Modification of C1s core = )
level 2
ful bbed
_ ey 1.1
« Conversion sp3 => sp?
* High energy electrons . 1.05
. =108 .
increase the number of
graphitic like C-C bounds

0.0 T T T

290 288 286 284 282 o 00 200 200 400
Binding energy (eV) Primary energy (V)

HOPG : highly oriented pyrolity graphite

Graphitization of the carbon contamination layer
under electron irradiation
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Conditioning and electron energy

* At 300 K, the scrubbing efficiency of low energy
electron is less than high energy electrons

* Electron energy distribution at the LHC vacuum
chamber wall
* ~ half of the electrons have E < 20 eV

20 colaminated Cu il ' ' '
o ; — Tp=50ns; Np=1.6x10"
a normal incidence N
1.8 -
- §~ 0.01 |
ooE Energy (eV) ;
14 -e-10 A =
-~ 20 Gy
@ 50 l {.}[.H” 3 B
4 200 .
@ 500 o ™
104 * ® after 10° C mm* @ 200 eV \—”-‘\\
1~ L ' '
T\ T 0 200 400 600 800
. 10°  10° 10 10° 10? E [eV]
2
Dose (C mm ) R. Cimino et al. PRL 109, 064801(2012)
Semndm-i:p%lz eV T Ep=11eV Secondaries Ep=3.7eV

Reflected
electrons

Reflected
electrons

Knowing the energy distribution of

/

Reflected
electrons

[N

80 160 240 32 4 ) ) ) / ) ' )
Kin. En. (eV) 0 4 8 12 16 0 4 8 12 16
Kin. En. (eV) Kin. En. (eV)

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

electrons is of paramount importance
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Electron scrubbing

- After a dose of ~ 5 1018 e/cm? i.e. 8 mC/mm?, the maximum of SEY equals ~ 1.3
* The scrubbing process desorbs several monolayers of gas from the surface
* Potential impact on:
* frequency of NEG activation
* increase of SEY due to gas condensation
Unbaked Cu - ESD - 300 eV

1.E+17 F _F] 2.4
_ F ", §
~ 3 -
£ F -7 + 2.2
o r ’.a' 1
g . N ,
= P i
3 \ a” ”j_ 2.0
@ 1E+16 — H20 e _=20
M |- T P ra ]
g e \ 7 P T1g
2 co il Al ] o
E L~ ‘o’ i E
= - —-C02 N -7 + 1.6
% Delta ,”’ A4 i ) §
E 1E+15 27 St e >
) r - - - 1
o +” -7 Pl + 14
.g i ," --" i
= i .S - ]
[} ,’ P - < 1
g ” -~ o"' T12
(a] »7 -7 L NN ]
- Lt "'o i
1.E+14 | | bl P o | L A | 110
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Electron desorption studies at different temperature

* Hydrogen desorption

55 316 LN {a) |

WIIN i) 1 * H, electron desorption can be explained by a
T=35% 1

diffusion model with a non-uniform
concentration i.e. H is produced by dissociation of
hydroxydes under electron bombardement

Desorption Yield [molecules/eleciron)

Desorption Yiehd (molecules/electron)
!

" However, the diffusion coefficients taken

8 Erpeznead

By Do for RT and 200°C were the same

—— Expenental H, D
wd“ﬂ i i ..-.--;;.1.‘ wi' ‘F

Diose (slectrons cm™) Doso (dectrons cm™)
J. Gémez-Goiii, A.G. Mathewson. J. Vac. Sci. Technol. A 15(6) (1997) 3093
* No obvious correlation between the ol T T o
surface composition determined by AES and  ” E
desorption yields as a function of F
temperature : No changes in AES spectravs
1 to 3 orders of magnitude decrease for the 7%
yields. v
* The thickness of the oxide layer is more - | FE
than 3 monolayers (AES scanning depth). i f N
A porous surface oxide layer provide the  f ;
reservoir of gas — ‘[
Figure 1. Electron and ion induced desorption coefficients for 316 L + N stainless steel.

M.H. Achard et al., Vacuum 29-2, 53,(1978)
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