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NON-THERMAL OUTGASSING

« AIM OF THE TALK

-ATTEMPT TO SUMMARIZE THE ACTUAL KNOWLEDGE
USEFUL TO DESIGN AND OPERATE ACCELERATORS

e OUTLOOK OF THE TALK
—ION INDUCED DESORPTION
—ELECTRON INDUCED DESORPTION
—PHOTON INDUCED DESORPTION
—THE CASE OF COLD SYSTEMS

« CONCLUSIONS

e THANKS

—To my colleagues for their help and patience. Have specially
suffered: V. Baglin, D. Brandt, E. Mahner, P.Strubin

N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

e HISTORY

—-BIBLIOGRAPHY:
*P.A. REDHEAD VACUUM 48, 585-596 (1997)
*D. MENZEL NIM B101, 1-10 (1995)
o 1.E. MADEY SURFACE SCIENCE 299/300, 824-836 (1994)

N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« HISTORY A NEW METHOD OF POSITIVE RAY ANALYSIS.

_THE START By A, J. DEMPSTER.

HE analysis of positive rays is based on the determination of the
ratio of the charge to the mass of various constituents. The corre-

Arnew Mothbd of Y KL POSITIVE RAY ANALYSIS. 323
Positive Ray Analysis PosiTive Ions FroM ELECTRON BOMBARDMENT,
A. J. Dempster I,t was thﬂught th.-.i.t the bombardment of salts by electrons might
and give rise to many positive ions,
Ryerson Physical Although the aluminium phosphate was chemically pure, the rays ob-
Laboratory, Chicago tained under the bombardment of 128 volt elec- I
trons were very complex; the following ions were [l lf”'- i
Phys. Rev. 11, 316-325 d besides 3 Jle of unresolved groups; [iiEisfEiipiiiil i
(1918) L1 {weak jstrong), Na (strong), Os |t Elj
weak), M = 62 Tweak, possibly Na.,Q), M = [EEirmEmiss
i FEE R
13?' (strong, possibly H;PO, = 66), M =76 (strong), e e e
Rvemsow Prvsicar Lasomatomy, M = 86 (weak, possibly Rb = 85.5), M = 112 gssEilise Ei{'
Cricaco, (strong, possibly Py0; = 110). i Jli'w'-ff L |
Cctober 20, 1917, The experiments indicated the convenience of the ; S Hi
method of obtaining positive rays and opened up g EEiiie !T i
. an interesting field for investigation. i i’}'t :
N. HILLERET Non-thermal outgassi HEHEE RO i s

The experiments were however first directed N W o i =



NON-THERMAL OUTGASSING

e HISTORY

—THE TUBE INDUSTRY (1930)

«EMPIRICAL STUDIES TO EXTEND CATHODES LIFETIME (“poisoning”)
«ESD THRESHOLD ALREADY ANTICIPATED: “10V EFFECTS”

~STUDIES ON VACUUM GAUGE LIMITATIONS
(1960) P. REDHEAD

—THE LARGE DEVICES (1960)(cf. F. DYLLA’S TALK)

- ete- STORAGE RINGS
Fischer and Mack, Bernardini and Malter (JVSTA 1965), Garwin (1968)

*FUSION DEVICES (McCracken (1967) (ESD and 1SD)
e PROTON STORAGE RINGS ISR (1970) ISD

N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

e HISTORY

—THE MODELS FOR ESD

o THE “MGR” MODEL (1964)

—TWO INDEPENDENT TEAMS: P. REDHEAD B. GOMER AND D.
MENZEL

—EXCITATION TO AN /

o THE KNOTEK-FEIBELM/
—AUGER EFECT

~ACTUAL EVOLUTIO

*SURFACE PHYSICS ISSL
*MAINLY MODELS FOR E

N. HILLERET Non-thermal outgassing latja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« APPLICATION FOR ESD:
-SURFACE CHARACTERISATION

*K.J. Middleman, J.D. Herbert, R.J. Reid Vacuum in Press (2006)

-BIOLOGY

*ANALYTICAL TOOL (COUPLING ESD+SEM F. DYLLA)
H. F. Dylla and J. H. Abrams, Scanning Electron Microscopy, 1219 (1984).

e STUDIES OF DAMAGE INDUCED TO DNA BY LOW ENERGY e
H. Abdoul-Carime, P. Cloutier, and L. Sanche, Radiation Research 155, 625 (2001).

N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« APPLICATION FOR ESD:
—STM LITHOGRAPHY
(nm range) Si/H

T. C. Shen and P. Avouris, Surface Science 390,
35 (1997)

H'U” "”U*u +108 e

|'SIEIEIS|S||

—EUVU\P +HE1l

||S|5l|5l||

Fig. 8. A comparison of the desorption area written by the same tip, The top Ime is written with e-irraiation of 7V, (] nA and
line dose 15107 Cem ™", The bottom ling is written with 4V, 4nA and 4% 107 Cem ™,

N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« BEAM DEPENDENT PRESSURE VARIATION

« STIMULATED DESORPTION

—INDUCED BY ENERGETIC PARTICLE BOMBARDMENT

* IONS/ELECTRONS HADRON MACHINES
* PHOTONS/ELECTRONS LEPTON MACHINES

DESORPTION
ELECTRON
EMISSION

STIMULATION OF
DIFFUSION,
CREATION OF
DEFECTSEE

N. HILLERET Non-thermal outgassing

INCIDENT PARTICLE

ENERGY eV->MeV

CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« |ION INDUCED DESORPTION
—PROTON MACHINES
—-DEPENDS MORE ON TREATMENTS THAN

~TYPICAL DESORPTION YIELDS (COPPER H,CO,CO;....
0.1->2 AFTER BAKING (300°C)

-VARY WITH ION MASS/NATURE, ENERGY

ION INDUCED DESORPTION YIELD VERSUS
ION ENERGY FOR AS RECEIVED COPPER

DESORBED
MOLECULES

10

——H2
o e
1 =
——CO02 '\
—x—CH4 ) ) y
0.1
——C2H6
——C2H2
0-01 T T T T T T T 1
0 1 2 3 4 5 6 7 8
M.P. LOZANO-BERNAL 2001 ION ENERGY (keV)
N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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|/ON INDUCED DESORPTION

NON-THERMAL OUTGASSING

—YIELDS FOR STAINLESS STEEL

STAINLESS STEEL (MEASUREMENTS BY A. MATHEWSON)

(=] i [ [¥E] o ] =] =1
rerrryrrrrjrrrryrirryrrrrjyrrrnorgtl

«In accelerator: correction for net yield [Mmach a1

N. HILLERET

500 10y 1500 2000
Energy (eV)

Non-thermal outgassing

2500

O. Grobner CAS

2001

300!

11

14

12 F

o2 F

F
08 [
06 -

04

Energy (eV)

==

CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

* Proton machines: The ion induced instability

CURRENT
PRESSURE ISR A
) Dyn< PIL{: Torr JUNE 1981 | 2
: 525 A ol . P oo
@ L S&1 .6+I1 -
se L J o F
4 ks i £ -
41.6 A, 9h I
»n e .
I -
20 | ¢ 'i L
X —
r LOSSES :
! - L
10 10 :' DUMP i:u : 30
Jr I
[} 24 |-
E. H :
B ,' _ | i
- | PRESSURE . -
3. J: : =
X T
2 - i : =
| s
oo o ups el ) e | oepe | mps | epe | uyE , anpe |, e o

N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

« THE ION INDUCED INSTABILITY

e EFFECT OF THE ION MASS Po e*S
P(l)= . = |- =, P-ow
11 L7 40
e S
IONISATION CROSS SECTIONS | DE n
3.0E-18 - " DE. = -
26GeV 60 =T / 8
23E-18 —— W 7TeV = Ha . 3
)
2.0E-18 20 E
@
S
1.5E-18 Ho .8 §
¥: R
1.0E-18 0’16 E
- o/
5.0E-19 /N :/
- 2
0.0E+00 . ‘ . ‘ ‘ ‘ ‘ A ', ;
H2 He CH4 co Ar co2 2~ 18" 2p° « ion mass
N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

« THE ION INDUCED INSTABILITY

e EFFECT OF THE ION MASS
—=>Long term drifts
—=>Change in gas composition : more heavy gases

EVOLUTION OF THE GAS COMPOSITI«
DURING A PRESSURE BUMP

(A. Mathewson-P. Strubin 1981)

90%
80% -
70% -
60% -
5006 -
40% -
30% -
20% -
10% -
0% | | ﬂ _

2 (H2) 28 (CO + CxHy) 44 (CO2) 15 (CH4)

MASS

EINITIAL
B AFTER 100 mn (constant current]

N. HILLERET Non-thermal outgassing = CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« OTHER TYPES OF PRESSURE VARIATION
—-BEAM PUMPING : IF

Py BEAM PUMPING IN ISR_ 12 Ilsaso
P(l)= PICO-TORR Mias<l => c<0 _AMPERE

1— 1%~ %M 47.8A !
148 .0+12 Wl
OK i
Sbeam =—| (mZS_l) - e T
e NN ST

o : lonisation C.S. (m?) -
i: Trapping probability T
|: Beam intensity (A) =
E: Electron charge (C) e f .-
,,ﬂ 99 yor . g o Qv e pur o me g qﬂsmf#_n_m'

N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06

15



NON-THERMAL OUTGASSING

e OTHER TYPES OF

PRESSURE VARIATION

—Beam losses

eSudden increase, pressure
decay with time constant

—Radiation burst
eSudden increase, Immediate

recovery (lonisation in the
gauge collector cable)

—This case:
e Beam pumping

—Simultaneity of several types

N. HILLERET

Non-thermal outgassing

16

O0-TORR
1009 ;—

poper D

. hm wEm .
LR P,

AMPERE
60—
4G4 .8+12 B
. —
0. —
| o I
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NON-THERMAL OUTGASSING

» A not polished, not coated
e SWIFT HEAVY IONS 11 - chemically siched (50 im)
—-DESORPTION AND BEAM 142 : after venting + 300°C bakeout
CLEANING " JE3 : Ap coated (2 um)
E#2; electropolished (150 pm)
eHIGH YIELDS >10¢ measured E43: Au coated (30 um)
at CERN F : chemically etched (50 jum)
Dose [ions/cm~]
. _ 1.6x10°% 1.6x10° 1.6x10' 1.6x10"! 1.6x10'
E. Mahner, D. Kichler, M. Malabaila, and Baash Baast - T '
M. Taborelli, PRST AB 8, 053201 (2005). — 7 2«10t
*DESPITE HIGH PENETRATION lae® &
(30u) SENSITIVE TO SURFACE E ] B
(ZnAg) ; 3
B 1#1 : chemically etched (50 pm 7] %:-
«ELECTRONIC STOPPING : . 12 g0 {= §
PREDOMINANT : £ Zﬁ‘ﬁﬁiﬁ‘i saym)
m-ID el el N | L e 2x|ﬂ1
0.01 0.1 I 10 100
Beam time [h]
Beam time [h]
N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

e SWIFT HEAVY IONS

-SIMILAR YIELDS FOUND
IN GSI :Pb2™*,Cr+,C%* 1.4 MeV/u

H. Reich-Sprenger et al. pp1657-1659 EPAC 2004

1 (= ¥ ] o B AR

E. Mahner and al. PRST AB 7, 103202 (2004).

AND BNL
-FI:I'“'
P. Thieberger et al. PRST AB 7 093201 2004 1000 e crt
Elc”
cf SPUTTERING YIELDS OF
INSULATORS 100
oLiF >10% ALP9*, 230MeV, ]
20° Incidence 10

M. Toulemonde et al. NIM B212 346 2003 |

-H, DESORPTION FROM C: 7x108

0.7 .
700 MeV I* FELN 304 CU  AgiCu m A
palshad snepas

R. Behrisch et al. NIM B118,262 1996

N. HILLERET Non-thermal outgassing = CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

- INFLUENCE ON OPERATION E. Mustafin et al.
NIM A: 510, 199 (2003).

AT MODERATE ENERGY (MeV/U) HIGHLY CHARGED IONS
VERY SENSITIVE TO CHARGE EXCHANGE

e =>BFAM LOSS=>DESORPTION=> CHARGE EXCHANGE

Ng

N. HILLERET Non-thermal outgassing 73 CAS Platja d’Aro 16-24/05/06

Electron
capture

molecule




NON-THERMAL OUTGASSING

 REMEDIES
s WHEN CRITICAL PLACES FOR BEAM LOSSES KNOWN
e INSTALL STOPPERS
* PERPENDICULAR INCIDENCE
*ADEQUATE COATING
[ OCAL PUMPING

.

N. HILLERET Non-thermal outgassing >4 CAS Platja d’Aro 16-24/05/06




NON-THERMAL OUTGASSING

ELECTRON INDUCED

UNBAKED COPPER 300 eV

—_—

\

FIT H2

= =—FIT CO2

FIT CO /

— —FIT CH4

FIT C2H6

FIT H20

DESORPTION
—Important where/when resonant *&
multiplication of electrons LE02
e-cloud, RF devices (couplers)
—Many similarities with PSD _
- ) = n /r.Eﬁf
—Decrease with e~ dose n=n,D
—Beam cleaning LESS

UNBAKED COPPER N

G.Vorlaufer
CERN-Thesis (2002)

1E+12 1E+13 1E+14 1E+15 1E+16 1E+17 1E+18 1E+19 1E+20

DOSE ¢
GAS H, CH, CO C,H, CO,
n(>10%°) -0.489 -0.643 -0.489 -0.584 -0.561
Ny(>10%) 2.68x106 2.67x107 3.36x10° 2.02x108 7.36x106

N. HILLERET Non-thermal outgassing o1

CAS Platja d’Aro 16-24/05/06



« EL ECTRON INDUCED DESORPTION

NON-THERMAL OUTGASSING

—INFLUENCE OF THE MATERIAL (Baked 150°C+300°C 2h)

«J. GOmez-Goiii and A. G. MathewsonJ. Vac. Sci. Technol. A 15, 3093 (1997)

Al T=18°C (a)

10" 10* 10"

CAS Platja d’Aro 16-24/05/06

—~ te oooses $S316 LN
13 o Boogg a c
g 2 Taon T =36°C o
10? ey Ty — 3 ] 3 1w |
s OFHC Cu (a) : E F © u"“*%m_ 3 ﬁ *. oo
% Q .u‘“‘". " -I- =4ﬂu'l: 1 E : kb" - ﬁ
o 0 e Fod B ey v. Y E o
@ E M""Bo ]
E om j E [ +H+m" \ i g
L) @ o et -I+++ & 1
o _ - 4 =k +3 . s Wk
e 2l [ow %\ i & \\ .
a i = & CH, Y ] c a cH, ‘ot e, 1
E 108 %%% 1 "E_ w0 + HO e W8 o %_ W'l o+ HO . 3
s o] g & O & ; S 0 AI
— b o m L -
-E_ A E o 3 - 6 e
L3 n-d i | i i ETT. L% sy
E ! ‘L‘L “T:u ] 10' 10" 10" 10"1 o
Q an Dose (electrons em™)
T a2zl aai¥ aall agu "
BT 10" " St.Steel
N. HILLERET Non-thermal outgassing
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NON-THERMAL OUTGASSING

ELECTRON INDUCED DESORPTION
—Variation of ESD with electron energy
—Threshold close to 10 eV

ELECTRON INDUCED DESORPTION YIELD
VERSUS

1.E+01

77(E) = T]300 X

1.E+00

1.E-01

Cco,

C.H,

X
o » ¢ X

1.E-02 X

> ¢ X

CO
CH,

o

>e

1.E-03 -

1.E-04

0 50 100 150 200 250
PRIVA?iE\i:OORhI/_IQlEJIl:\IIIEgATION ELECTRON ENERGY (eV)

N. HILLERET Non-thermal outgassing >3

300

350 )

0.85

E-E,
300- E,

Table 1: Fit parameters
g / (molec./e”) Eg [/ eV

CaHg 1.1 x 1071 114
CHy 2.1 x 1072 7.5
CO 5.8 x 1072 7.2
COq 2.7 x 1071 9.1
Hy 1.9 x 10° 12.7

CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« EL ECTRON INDUCED DESORPTION
—INFLUENCE OF BAKE-OUT

1.E+00 -
BAKED COPPER 300 eV,
—" A
1.E-01 % <
+7+,+t*a+ttﬁ¢#ﬂ+ et | o "
. 29556
SR P |
1.E-02 — A -
X ETAH2 A
1E-03 1 ° FETACH .
' ¢ ETACO
+ ETACO2
FIT H2
1.E-04 FITCO - BAKED COPPER (300C)
— -~ —FITCoz J. Gémez-Gofii and A. G. Mathewson
—— ——FITCH4 J. Vac. Sci. Technol. A 15, 3093 (1997
= e «BAKED H2
1.E-05 || = — -pakepchs - UNBAKED COPPER
= = -pakepco | C-Vorlaufer
= = =BAKED CO2 CERN-Thesis (2002)
1E'06 T T ! T T T T T 1
1E+12 1E+13 1E+14 1E+15 1E+16 1E+17 1E+18 1E+19 1E+20
DOSE e
N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

« ELECTRON INDUCED DESORPTION
-TOTAL NUMBER OF RELEASED MOLECULES
X 100 Monolayers desorbed <=> 1/100

(AS RECEIVED COPPER) . H2

1.E+00 CO

+ + * ++'+"++‘++¢'++'+r""+“of °
1-E'01 . ’. “““““““ - COZ

¢ 0 0t eaees’ S eetecnnteper oo L“\ﬂ s CH4

A A A AAAAAAAAAAAAA A % " .

+ .
1.E-03

UNBAKED COPPER \
1.E-04 - G.Vorlaufer

CERN-Thesis (2002)
1.E-05 ‘ ‘ o

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

TOTAL NUMBER OF DESORBED MOLECULES PER UNIT AREA (cm-2)

N. HILLERET Non-thermal outgassing e CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

e PHOTON STIMULATED
DESORPTION STATIC PRESS

PT 8
=0
~LEPTON MACHINES LES
DESORPTION:
1.E-09
P H OTO N S 4/05/98
=>PHOTOELECTRONS
1.E-10 5 .
STATIC . o _ ',
=>DYNAMIC PRESSURE ! " 7t :
1.E-11 °* " a "
1.E-12 | . | | 1 |
0 100 200 300 400 500
N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

e PHOTON STIMULATED
DESORPTION

dN E " DYNAlthZIl(r:T]ZRESS PT8 |
ph/m Eivs :1.28X1017 XAX o it LI

dS R LE03 J ; :7‘
DYNAMIC PRESSURE IRER

1.E-100 |

AP E 7

—:KX—X—

1.E-12 — | | | |
0 100 200 300 400 500

N. HILLERET Non-thermal outgassing 57 CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

e PHOTON STIMULATED DESORPTION
—Synchrotron light

P(W)=88.6xE* x% E(GeV), I(mA), R(m)

E3
EC(eV) =t 22 X103 XF

N. HILLERET Non-thermal outgassing >4 CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING
PHOTON STIMULATED DESORPTION

Synchrotron light

engroy | CRITICAL L boyer  |pHOTONS/M
MACH INE e ENERGY == -
(keV)

KEK-LER 3.5 5.9 2_.15x104 | 7.2x10 10
PEP I1-LER 3.1 4.8 1.5x10% | 6.2x10 1
LEP 100 711 Ox102 | 2.5x10 16
ESRF 5 = 56 5.3x10 17

: LG = 7000 0.044 0.22 1x10 17

N. HILLERET Non-thermal outgassing
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NON-THERMAL OUTGASSING

« PHOTON STIMULATED DESORPTION
-MATERIAL DEPENDENCE

KON DEGASEED STAINLE

5 5TEEL

i

ey - 10
: ATUMINITM. 3
107 10
= 5 H, g
= 107k e : g
& ] 4
] 3 L
3 \\\ , o
Z : i
5 wi :
- i T
2 L
3 \\.\ 2
107 o CH
F 17
wil= . . = ] 2 -
10" 1o 1o ¥ 10¥ o™ 10
= Fres L
Daze (photonsm] O.GROBNER CAS 1999

Fig. 3 Molecular desorption vields for aluminium alloy.

N. HILLERET

Non-thermal outgassing

30

Diose [photonsm)

Fig. 4 Molecular desorption vields for stainless steel.

0=

CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

e PHOTON INDUCED DESORPTION
-MATERIAL DEPENDENCE

—-3.75 keV photons / Cu (unbaked)

VARIATION OF THE PHOTON INDUCED DESORPTI!
THE NUMBER OF MOLECULES DESORBED
(BAKED COPPER)

1.E-02 H
- H2

1.E-03 CH4r
1.E-04 +CO }
LE.05 Y| aco2
1.E-06

O.GrObner et al. ,J.V.S.T. A 12(3), 84
1.E-07 . . .

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

TOTAL NUMBER OF DESORBED MOLECULES PER UNY

N. HILLERET Non-thermal outgassing =7 CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

e PHOTON INDUCED DESORPTION
—~-ENERGY DEPENDANCE (CRITICAL ENERGY)
—CONSTANT IN THE keV/100 keV RANGE SCALES WITH POWER

ABOVE

[

+ NORMALISED MEAN

PRESSURE INCREASE
(PILOT SECTORS)

., RADIATED POWER

= NORMALISED MEAN
PRESSURE INCREASE

(ARCS)
o NORMALISED MEAN

PRESSURE INCREASE |
(INJECTION) v/

0-0 I I I ‘\'
20 40 60 80 100
BEAM ENERGY (Ge\
N. HILLERET Non-thermal outgassing

120

140
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Desorption yield (arbitrary units)

—— LEP 100 GeV
f *
102 v
. ST Ty
103 I L - _:
: . E
[ * * Elpﬁa ]
10+ > : pci | 3
E v LEP] -
10-5 - ST EEEPE T BRI T T BT BT
101 102 103 104 105 106
Crtical photon energy (eV)

Grisbner, O. Dynamic outgassing. in CERN Accelerator

Scool. 1990 Snekersien (DE): CERN Geneva.
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NON-THERMAL OUTGASSING

« PHOTON INDUCED DESORPTION
—Energy dependence (Compton)

LEP SYNCHROTRON RADIATION

—— 100 GeV
1.E+00 — 80 GeV - 100
45 GeV
1E‘01 :\\ — —22 GeV
~ \- - - -ALcompToN | 10
. - - - -AL PHOTEL.
1E-02 Ec 45 GeV Ec 80 GeV Ec 100 GeV "
1.E-03 +
101
1.E-04 + N
\\ --------------------
_--< --
P \\ -~ 0.01
LE05 — _.--" . >
g < - \\
1.E-06 | N | 0.001
1.E-02 1.E-01 1.E+00 1.E+01

N. HILLERET Non-thermal outgassing

Photon ENERGY (MeV)
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NON-THERMAL OUTGASSING

« ANGULAR DEPENDENCE

*SATURATION AT GLANCING
ANGLE
(FLATNESS/SMOOTHNESS OF
TECHNOLOGICAL SURFACES)

N. HILLERET Non-thermal outgassing 34

O Grdobner et al. Vacuum 33,7,397-406 (1983)

Il:lI -

AP /TIFSing

ARSI, FIAP/LY,

I-\:|I IUr ['-'J
145ing

Figure 11. The dependence of the total specific pressure rise on the
glancing angle of modence al a beam energy of 1.72 GeV.
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NON-THERMAL OUTGASSING

e PHOTON INDUCED DESORPTION

—THE CASE OF NEG v.BAGLINetal. CERN IVC 15 San Francisco (2001)
V. ANASHIN et al. Vacuum 75 155-159 (2004)

BAKEDCu—
(HZ,CO) 1.E-03 ¥ NEG AS REC
B NEG 200C }CERN
[ INEG AS REC
LE04 Neoac  Jovosisirsd
INCIDENCE: CERN 90° 1.E-05 1
NOVOSIBIRSK 10 mrad
1.E-06 -
1.E-07 -
1.E-08 -
H2 CH4 CcO C2H6 CO2
DESORBED GAS
N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

e PHOTON INDUCED DESORPTION
—BEAM CLEANING

. VARIATION OF THE PHOTON INDUCED DESORPTI!
1E-02 1;; THE NUMBER OF MOLECULES DESORBED
£ (BAKED COPPER) :
__:_“lE-US g..: “_-: ________
5 5 : 1.E-02 - :
EIE-M ; - H2
c. 5 :
] 1.E-03 -
% T . CH4 o
E 1.E-04 . +CO :
E1E06 of-ooie >, -
o % | aCO2 Eﬁ"
1EO7 |-}t 1.E-05 ]
. L
IE08% E--f---- 1.E-06 .
- L E 0.GrObner et al. ,J.V.S.T. A 12(3), 84 ‘?.I
1E-09 ———ul— 1.E-07 T T T ot ® )
(a) i 1E+12 1E+13 1E+14 1E+15 1E+16  1E+23 1E+24
TOTAL NUMBER OF DESORBED MOLECULES PER UNY
C. Herbeaux et al. JVSTA 17(2) 635-643 (1999)
N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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N. HILLERET

NON-THERMAL OUTGASSING

e PHOTON INDUCED DESORPTION
—BEAM CLEANING :GAS COMPOSITION VARIATION

PARTIAL PRESSURE EVOLUTION WITH THE BEAN oH2

HCH4

1.E-05 AH20
A A X C2H6
» X C3H8
A R 002
1.E-06 - ! ST
L4 ‘ . ° %AA ® CO2
ol® ‘:.f Ag% ATOTAL PRESSURE (P
[ ) ol %0'
1.E-07 — 5
. - x x
45 Gev ™ 9§ GeV ogl| G 100 |GeV
Y A [ ] ° I i
A [ ]
A ‘. o
1.E-08 L | . M.
.. Suls
X i % . ‘!z‘
X X% '
X oKX .‘.o.
1E'09 XX‘ X( nd
1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04

Non-thermal outgassing

BEAM DOSE (mA x

= CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« BEAM CLEANING
—Important effect in lepton

1.E-04

EVOLUTION OF THE DYNAMIC PRESSURE WITH THE BEAM DOSE (1989-2000)

machines (synch radiation)

eGas load reduced by — 300 durin
1st year in LEP (1 A.h) <
—Conseqguences for design

e Pumping speed taillored to reduced
desorption:

—=>Pump budget / Cleaning

1.E-07 {

1.E-08 {

t i me 1.E-09 4>

+1989 45 GeV

= 1990 45 GeV
41991 45 GeV

o 1

+ 1993 45 GeV
01994 45 GeV
41995 45-68 GeV
= 1996 81-86 GeV
+ 1997 91 GeV

1998 45-94.5 GeV

%1999 45-101 G

W

eCleaning partly lost in absence
operation (quick recovery)

—Also valid for
photoelectron/electron emission
(6 decrease 2->1.3)

N. HILLERET Non-thermal outgassing 38

10

100 1000
BEAM DOSE (mA x h)

CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

e PHOTON INDUCED DESORPTION
—-PUMPING

on st. steel: limited capacity: 104 monolayer
on getter: limited to CO (?) re-saturate quickly in absence of synch. rad.

CO: 300 I/s/m 1023 phot/m 1E-81 NEG COATED
STSTEEL at the ands —
1.35 ' o] 5 .E
130 Forreeernns ______ ................ i ] in the centra E
PO SOTOos SRS SR g E
| ? : %
1_2[. .- .......... :. . ‘ E m
LIS Fovvmrmmronii i S 3154- SR flux m F4E+16
: &
1‘][' S0ooO00oCea0000e -us B
: ~JE+18
1.00 NS SEPUEFEEFPPUN SN e e s s w2 R © RUN INHRY | NEUTEE) WWNDARAERED 'RERI SEARRNA i
0L0E+D0 5.0E+22 1OE+23 1.5E+23 o 2E+4 4E+4 BE+4 BE+d
photon dose (photons.m™) Time (sec)
C. Herbeaux et al. JVSTA 17(2) 635-643 (1999) V. Anashin et al. Vacuum 75 155-159 (2004)
N. HILLERET Non-thermal outgassing CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

« COMPARISON ION/PHOTON DESORPTION
—IMPLICATIONS FOR ACCELERATORS

s g% S e e=ab 1 Ex
0
P(1)= ~ 5 P >0 S Ke—w— T
BRI o*1] | p S
e S
— Runaway process if |, exceeded —Pressure increases linearly with
—=>FAST PRESSURE INCREASE current => stability
WHEN 1. APPROACHED e =>BEAM CLEANING

e REFUEL ING OF THE SURFACE
e =>NO BEAM CLEANING
—Elaborated surface treatments

e=>/ON BOMBARDMENT CLEANING
«=> BAKE OUT MANDATORY IN -Heavy power load on surfaces
STORAGE RINGS (synchrotron radiation)

—Baked machine=> longer repair time

-Simpler preparation procedure
= (BAKE-OUT OPTIONAL)

-Shorter interventions

N. HILLERET Non-thermal outgassing 3 CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

e COLD SYSTEMS (cf. V. Baglin)

—DIFFERENCE WITH WARM SYSTEMS
*SMALL HEAT LOADS DANGEROUS ( HIGH PRESSURE == QUENCH SC MAGNETS)

*POSSIBILITY OF THICK CONDENSED LAYER (VAPOUR PRESSURE, DESORPTION)
ENERGETIC PARTICLES: PHOTONS, ELECTRONS, IONS

» TWO SOURCES OF DESORPTION:
—CHEMISORBED GAS (AS FOR WARM SYSTEMS)

—PHYSISORBED GAS ( INITIALLY NOT PRESENT)

® 0 o

ENERGETIC PRIMARY RECONDENSED ENERGETIC SECONDARY
PARTICLES DESORPTION MOLECULES PARTICLES DESORPTION
4
= S A/A/A/
REEEk / // // //
Sool Vs e
N O
I \/ \/ \I \/
\\ \\\\ SURFACE OXYDE

N. HILLERET Non-thermal outgassing e CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« THE GAS SOURCES

—-LHC CIRCULATING CURRENT .56 A: SPACE CHARGE
e =>/ON INDUCED DESORPTION

ION INDUCED DESORPTION YIELD FOR CONDENSED

2000 — — — — —
[ I I I I HYDROGEN BOMBARDED BY H," IONS OR ELECTRONS
—— Mass 2
[ —m— mass 4 / ] 1.E+05
[ | —+—mass44 / ] 1E+04 /M ”*”‘l_l? €
- / /_,./._/\'*'\-\ \
[ // ] 1E+03 \\
500 T O. Grébner / e- 1keV \ ~
[ 1.E+02
! CAS 1999 ' N
0 L | L L L | L L L 1 L L L ]
0 0.2 0.4 0.6 08 1 LE+01 ‘ ‘ ‘ w
1.E+18 1.E+19 1.E+20 1.E+21 1.E+22 1.E+23

Beam current (A)
COVERAGE (MOLECULES / m?)

—-SYNCHROTRON RADIATION : 101’ PHOTONS/s/m,
Ec =45eV, 0.2 W/m
e => PHOTON INDUCED DESORPTION

ELECTRON MULTIPLICATION BY PARTICLE BUNCHES (cf :O. Grobner talk)
s =>ELECTRON INDUCED DESORPTION

N. HILLERET Non-thermal outgassing = CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« ESD OF CONDENSED GASES
*LARGE YIELDS VARYING WITH

H. Tratnik et al. Vacuum in press (2006)

N. HILLERET

COVERAGE
s PEAKAT LOW COVERAGE

oo

0

*FLAT MAXIMUM ABOVE 300 eV

*DEPENDS ON THE SUBLIMATION

ENERGY

1E-12-

1E-13

1E-14+

1E-15

1E-16-

1E-17+

1E-18

300 eV
+ Ne

S * uAr
A Kr
n -.- * *
. * Xe
u *
A A
*
A | |
| LY "‘ * * <
A n * ’Q * e
A
° A\
AA.
A“ ‘ at | mEn
°
A AA A AA
° A4 A
.o. p 4 o® o oo
'~ °

1E+14

—Large amount of data for higher e energy

and higher coverages in:

J. Schou Risg-R-591 (EN) Risg National

Laboratory, Roskilde, Denmark

Non-thermal outgassing

43

1E+15

1E+17 1E+18 1E+19 1E+20

Coverage
(atlan)

1E+16

CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

« PSD OF CONDENSED GASES

V. Baglin et al. Vacuum 67 421-428 (2002)

12402 ¢

Primary photodescnpfi on yad (modecul esdphotaon)

108

N. HILLERET

1203

104 ¢

1.E05 T

PRIMARY DESORPTION

Non-thermal outgassing

f agﬁf'
} ¢
H{H J
3 i
Hf N ;
— b ¢
f; ? :
— %

44

- 1.0E-02

T 10503

T 1.0E-04

T 1.0E-05

1.0E-08

Average removal coetficient (molecules/photon)

V. Anashin et al. Vacuum 53 269-272 (1999)

1 E T T TTrImrt

Averape coverage (moleculesiom’)

PHYSISORBED GAS DESORPTION
(recycling)
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NON-THERMAL OUTGASSING

e COLD SYSTEMS

—-PRIMARY DESORPTION => COVERAGE INCREASE=> SECONDARY
DESORPTION=> PRESSURE=> GAS FLOW TO COLD BORE

COLD BORE

BEAM S5CREEN 1. f

FRIMARY
DESORFPTION GAS
PHASE

ENERGETIC
PARTICLES

—EQUILIBRIUM : PRIMARY DESORPTION ~ FLOW TO COLD BORE

N. HILLERET Non-thermal outgassing T CAS Platja d’Aro 16-24/05/06



NON-THERMAL OUTGASSING

COLD SYSTEMS

—EVOLUTION DURING OPERATION

BEAM SCREEN COVERAGE VERSUS ELECTRON L

1.E+15

—H2 COV
—CO Cov
—C02 CoVv

1E+14

1.E+13

——CH4 Ccov
-——-H2EQ COV
-——-COEQCOV
--—-CO2EQ COV

1.E+12

1.E+114

-——-CH4EQ COV|
7 \\\\\
" E moy (eV): 300.0 NNy

P (W/m/ap.): 1.0

~

1.E+10
1.E

N. HILLERET

+13 1.E+14 1.E+15 1.E+16 1.E+17 1.E+18 1.E+19 1.E+20 1.E+21
ELECTRON DOSE (/ent)

Non-thermal outgassing 46

DESORPTION YIELDS

— —H2PHYS
1E+01 — —COPHYS
E moy (eV): 300.0 — —CO2 PHYS
/‘—'\(W/m/ap.): 1.0 — —CH4 PHYS
- - =--H2 PRIM
----CO PRIM
1.E+00 - - --CO2PRIM
- - --CH4 PRIM
——H2T0T
__________ ——COTOT
——CO2TOT
1.E-01 | ——CH4 TOT
1.E-02
1.E-03
1.E-04
1E+13 1E+14 1E+15 1E+16 1E+17 1E+18 1E+19 1.E+20

ELECTRON DOSE ( e/cm2)
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NON-THERMAL OUTGASSING

COLD SYSTEMS

—EVOLUTION DURING OPERATION

BEAM SCREEN COVERAGE VERSUS ELECTRON L

1.E+15

—H2 COV
—CO Cov
—C02 CoVv

1E+14

1.E+13

——CH4 Ccov
-——-H2EQ COV
-——-COEQCOV
--—-CO2EQ COV

1.E+12

1.E+114

-——-CH4EQ COV|
7 \\\\\
" E moy (eV): 300.0 NNy

P (W/m/ap.): 1.0

~

1.E+10

1.E+13 1.E+14 1.E+15 1.E+16 1.E+17 1.E+18 1.E+19

N. HILLERET

1.E+20 1.E+21
ELECTRON DOSE (/ent)

Non-thermal outgassing T

DESORPTION YIELDS

— —H2PHYS
1.E+01 — —COPHYS
E moy (eV): 300.0 — —CO2PHYS
m(w/m/ap_); 1.0 — —CH4 PHYS
- - --H2 PRIM
----CO PRIM
1.E+00 - - --CO2PRIM
- - --CH4 PRIM
——H2TOT
——cCoToT
——CO270T
1.E-01 ——CH4TOT
1.E-02
1.E-03
1.E'04 T T T T T T . 1
1E+13 1E+14 1E+15 1E+16 1E+17 1E+18 1E+19 1.E+20

ELECTRON DOSE ( e/cm2)
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NON-THERMAL OUTGASSING

e COLD SYSTEMS
—EVOLUTION DURING OPERATION

GAS DENSITY VERSUS ELECTRON DOSE
1.E+17 o
—CO
....... - E moy (eV):  300.0 ——Co2

1.E+16 ——— - P (W/m/ap.): 1.0 —CH4 |
7.:/:: ''''''' R ----H2EQ
1.E+15 < ----CO2EQ |
%\\- -CH4 EQ
1.E+12 \

1.E+13 1.E+14 1.E+15 1.E+16 1.E+17 1.E+18 1.E+19 1.E+20
ELECTRON DOSE (e-/cm2)

N. HILLERET Non-thermal outgassing = CAS Platja d’Aro 16-24/05/06
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NON-THERMAL OUTGASSING

e CONCLUSIONS

—NON THERMAL OUTGASSING IS THE PREDOMINANT
GAS LOAD DURING OPERATION OF ACCELERATOR

—PRODUCED BY THE IMPACT OF PHOTONS, ELECTRONS
AND IONS GENERATED/ACCELERATED BY THE BEAM
—-THE DESORPTION COEFFICIENT m IS SURFACE (MORE
THAN MATERIAL) DEPENDANT

—STRONGLY INFLUENCED BY SURFACE TREATMENTS

—OXIDE LAYER IS SUSPECT OF PLAYING A
DETERMINANT DETRIMENTAL ROLE

—EQUIVALENT OF ~n* 10 MONOLAYERS TO BE
REMOVED TO REDUCE n BY AFACTOR 100 (PSD)

N. HILLERET Non-thermal outgassing 3 CAS Platja d’Aro 16-24/05/06
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