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Photon stimulated desorption (PSD) is one of the most important sources
of gas in the presence of SR.

PSD can be considered as a two-step process:
“first, photons with energy >10 eV cause the photoelectron emission,

then the photoelectron stimulate gas desorption.

Gas molecules may desorb from a surface when and where photoelectrons
leave and arrive at a surface
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ASTeC PSD vyields

PSD vyields are defined as a number of gas molecules desorbed
from the surface per incident photon, 7, [molecules/photon]:

"molecules] Q| Pa-m®/s|
photon |  kgT [K]T[ photon/s]’

T
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NE \What PSD depend on?

Similarly to thermal

_ Additionally it depends on
desorption, PSD depends on:

* Energy of photons
* Choice of material 9y orp

_ * Photon flux
 Cleaning procedure

. _ * Integral photon dose
* History of material

N  Temperature
« Bakeout and vacuum firing

* Pumping time
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& e — .
= foled PSD as a function of dose

Photodesorption yields, n (molecules/photon), as a function of
accumulated photon dose, D, for different materials measured up to
certain doses, these results are extrapolated for use in the design
of new machines

Photodesorption vield (molecules/photon) -

!ﬂ ey
—_— \‘
1107
N
1107 ~
o~
110 b
1 ora® orae® e rae®? e ot 1ae®
Accurmilated dose (photonsim)
m— prebaked VO
- == in-sity baked VC

1.10%

Photodesorption yield as
function of accumulated photon
dose can be described as:

n=n,|—1, 065<ax<l

PSD yield for CO for prebaked and in-situ baked stainless steel vacuum chambers.
Yields for doses higher then 10?3 photons/m (1 to 10 Amp-hrs for diamond) are extrapolations.
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PSD as a function of dose

Example of PSD vyields for CO for unbaked and baked vacuum chambers as a function of
accumulated photon dose D, based on results of experiments at NSLS [J. Vac. Sci. Technol.
A 8, 2856 (1990)] and LURE [J. Vac. Sci. Technol. A 17 635 (1999)]. .

0.01 Photodesorption yield as
| function of accumulated photon
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Accumulated dose (photons/m)

Yields for doses higher then 10%* photons/m (1 to 10 Amp-hrs for diamond) are extrapolations.

O.B. Malyshev CAS on Vacuum for Particle Accelerators 2017 8
6-16 June, 2017, Glumsldv, Sweden



Science & Technology Facilities Council

ASTeC

The PSD yield 7 for various gas species as a function of the accumulated photo
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PSD yields from different materials
as a function of photon dose
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Photodesorption yields, n(molecules/photon), as a function
of accumulated photon dose for different materials for
vacuum chamber (A. Mathewson, AIP Conf. Proc. 236 (1), 313 (1991))
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poswemen  Amount of desorbed gas as
ASTeC .
a function of photon dose

The same data can be analysed differently, amount of desorbed

gas . {mbar I} e
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This information is important when the sorption pumps are used such as
NEG cartridges or cryosorbers
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The same data platted differently:

Stainless steel Aluminium
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PSD as a function of amount of
desorbed gas
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@ I PSD as a function of critical energy of SR
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In-situ at 150 °C
for 24 hrs

In-situ at 300-350 °C
for 24 hrs:
Ex-situ at 250-300 °C
for 24 hrs

Vacuum firing at 950 °C
for 1-2 hrs at P < 10
mbar

No in-situ bakeout after
vacuum firing

In-situ bakeout after

vacuum firing

reduction of 7,5 by 5-10 times;
reduction of initial PSD yields for
other species by 2-4 times

reduction of initial 7, by 10-20 times,
for other species by 7-15 times
reduction of initial 74, by 5-10 times,

for other species by 4-8 times

hydrogen depletion in the bulk of

vacuum chamber material

reduction of 7, by ~1.5-2 times

reduction of 7, by ~20-50 times

PSD: effect of bakeout

Reducing bakeout temperature
to 120 °C requires increasing of

bakeout duration to a few days.

keep in vacuum; minimise vent
to air during installation; purge
with dry air, N, or noble gases
Keep in vacuum or fill with N, or

noble gas.



() 78 PSD: effect of bakeout for H,
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The comparison of 7, from OFHC, stainless steel (SS) and copper

coated stainless steel samples with and without bakeout
[O.B. Malyshev, PhD Thesis, Budker Institute of Nuclear Physics, Novosibirsk,1995]
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Electron stimulated desorption (ESD) could be an important sources of gas
In case of electron beam bombardment, beam induced electron multipacting,
or as a part of the PSD process in the presence of SR.

CO ?e_

— - T T
oc \T/ TZ ‘e ‘e
Gas molecules may desorb from a surface when and where electrons
leave (with low energy) and arrive at a surface (with higher energy)
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ESD yields

ESD vyields are defined as a number of gas molecules desorbed
from the surface per incident electron, 7, [molecules/e’]:

[molecules} ~ Nooecutes Q[Pa- m3/s: q.[C]
e N kT [K]1[A]

€

electrons

where

Q is a flux of molecules desorbed due to ion bombardment,
* |is the ion current,
* (. Is the elementary charge
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ST \Vhat ESD depend on?

Similarly to PSD and thermal Additionally it depends on

desorption, ESD depends on:

 Energy of electrons

* Choice of material impinging the surface

» Cleaning procedure « Electron flux to the surface

* History of material * Integral electron dose

» Bakeout and vacuum firing - Temperature

* Pumping time

O.B. Malyshev CAS on Vacuum for Particle Accelerators 2017 21
6-16 June, 2017, Glumsldv, Sweden



Science & Technology Facilities Council

ASTeC

ESD as a function of dose

1.E+00 = 4 :
L
.v’ o # Mass 2 .
1E-01 il L =S = # Mass 15 ESD y|e|d as
bk iy ia - . O Mass 18 .
1E-02 ALY TS —— ® . & Mass 28 fUﬂCtIOﬂ Of
4 .J!.;(IIL.IHI gy = *e : — . * Mass 32
— i B LR . e accumulated photon
i Moo XX Twg e § | s dose can be
§ ot — A described as:
E 05 o - - I% L g
E " g a
2 1k0s %% 3 i : DO
% n=m| =
1.E-07 D
T 3 .
. =
= % the exponent « lies
1E08 between 0.5<a<1
1E+17 1E+18 1E+19 1E+20 1E+21 1E+22 1E+23 1E+24 1E+25
Dose (electrons/m?)
ESD yields of 316 LN stainless steel baked to 250 °C for 24 hours as a function of
electron dose at electron energy Ee = 500 eV.
O.B. Malyshev and C. Naran. Vacuum 86 (2012), 1363-1366.
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i@ ESD from different materials

ESD yields of unbaked OFHC copper _ o
after 24-hour pumping as a function ESD vyields of aluminium alloy baked

of electron dose at E_ = 300 eV to 220 °C for 24 hours as a function
B of electron dose at electron energy
RN E. =500 eV
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EANYS™ ESD as a function of electron energy

Unbaked OFHC copper at the dose D=1.4 T
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ESD as a function of electron energy

316LN stainless steel baked at 250 °C for 24 h

0.B. Malyshev et al, J. Vac. Sci. Technol. A 31 (2013) 031601.

Q (mbar-1/cm?)

CAS on Vacuum for Particle Accelerators 2017
6-16 June, 2017, Glumslov, Sweden

1.0 -
@
01 4 ® 00 ooy
e L
ha L 2
‘\—' -2 A A
QL 107 A
=) A‘A“‘
S— »3 i A
= 10 M o
g
4 iy
10 % &g
(a) <3
107 ' — —
10 10° 10 10
Q (mbar-1/cm?)
107 1
AS1 @ 50eV
® o
10° e #52 @ 500 eV
- .~
T Nony o ®53 @ 5000 eV
T Ay i\
Q 10 A‘ & S1 energy scan
=
-8. 0% ﬁ& ¢ 52 energy scan
] A
= &
s @R
- O
10°° | ‘
Fiu
(b) s
a8
107 . !
10 10°® 107 10

25




O.l

ESD from polished and vacuum fired tubes

316LN stainless steel baked at 250 °C for 24 h

S1 —non-polished S3VF —non-polished and vacuum fired

O.B. Malyshev et al, J. Vac. Sci. Technol. A 32 (2014) 051601. S3 — polished S3VF — polished and vacuum fired
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¢ ESD as a function of amount of desorbed gas

316LN stainless steel baked at 250 °Cfor 24 h  S1—non-polished S3VF — non-polished and vacuum fired

O.B. Malyshev et al, J. Vac. Sci. Technol. A 32 (2014) 051601. S3 — polished S3VF - polished and vacuum fired
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When the positive charged beam particles
colliding with residual gas molecules ionise
them, these ions are accelerated towards the
vacuum chamber wall. This causes ion
Induced gas desorption, the pressure rises
and more molecules will be ionised,
accelerated and bombard the wall...

ol | =
Seff —X Z:(IC_I) i yAd

where

Q = gas desorption,

S ¢ = effective pumping speed,
y = ion induced desorption yield

When | — I, (or S glﬂ)
e

T . then gas density (pressure) increases
= jonisation cross section, ) '
| = beam current. dramatically!
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lon stimulated desorption (ISD) can be a significant gas source in a
vacuum system where the ion beam bombards the surface. There
is very little data, most work has been done at CERN.

Similarly to thermal desorption, PSD and ESD, the ISD depends on:
choice of material, cleaning procedure, history of material and
pumping time.

It is also depends on:

 Mass, charge and energy of ions impacting the surface
* lon flux to the surface

* Integral ion dose

* Temperature
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ISD vyields

ISD yields, defined as a number of gas molecules desorbed from the
surface per incident ion, y (molecules/ion), :

[molecules} ~ Nogeces Q[Pa-m3/5]qe [C]n
17 on TN, KT[K[I[A]

where
Q Is a flux of molecules desorbed due to ion bombardment,
* | Is the ion current,

* (,Is the elementary charge and
* n,Is the ion charge number
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e & Technology Facili

IXSr¥all I1SD yields as a function of ion energy

A.G. Mathewson. lon
induced desorption
coefficients for titanium
alloy, pure aluminum and
stainless steel. CERN-ISR-
VA/76-5 (1976).

ION ENERGY (keV)
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Science & Technology Facilities Council

ASTeC

ISD as a function of dose

(a) —@—H2 - Copper ==O--H2 - Aluminium (b) i .
10 [— —#&—CO - Copper ==A==CO- Aluminium H —@—H2 - Copper =-0--H2 - Aluminium I S D I d f t
I | —8—Co2 - Copper -{F-coz2 - Aluminium |4 —&— CO -Copper --A--CO - Aluminium yl e a.S u n C |O n
= [ | —©—CH4 - Copper ==0==CH4 - Aluminium | ] =O~Coz2 - Copper -+~ CO2 - Aluminium .
o | | —=*—C2H6 - Copper -=%7-=C2H6 - Aluminium | _ | 7®—CH4-Copper -~0-- CH4 - Aluminium f I t d
lc; | ] € [—%—C2Hé6 - Copper : = V= C2H6 - Aluminium O aCC u I I l u a e I O n
£ - 2 | =¢c2H2- Copper o 6‘1 -X=- C2H2 - Aluminium
3 g o0 dose can be
- o
: E B B described as:
: -
2 ] "_-—l/k&\
(7] - v
o} =% ~
° 5 ~5
; 5[l e TN t—edeeer
o - ~ D.-‘.
3 3 wﬁ%}ﬂﬁ * \ &
c - x
= Q e * D
S 3 "oy Xo—ge _ .
) = : %(D)= 7 —
E ! | D)’
5]
- 0.1
01 10'\3 1014 1015
Dose (ions/cm?) Dose (ion/cm?)

The ISD yields as a function of accumulated ion dose the exponent « lies

from (a) as-received and (b) baked aluminium and

< <
copper samples bombarded with argon ions at 5 keV. between 0.3 < o< 0.5 for

as-received samples and

M.P. Lozano. lon-induced desorption yield measurements from
copper and aluminium. Vacuum 67 (2002) 3309. between 0 < o < 1/3 for

baked samples
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Science & Technology Facilities Council

ASTeC

ISD as a function of ion mass

ISD vyield from (a) unbaked and (b) baked stainless steel sample as a function of incident ion mass

(a)

Moleculesﬁon
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N. Hilleret. Influence de la nature des ions incidents sur les taux de desorption par bombardement ionique de
molécules adsorbées sur une surface d’acier inoxydable. CERN-ISR-VA/78-10 (1978).

O.B. Malyshev

CAS on Vacuum for Particle Accelerators 2017

35

6-16 June, 2017, Glumslodv, Sweden



@ Science & Technology Facilities Council

Heavy ion stimulated desorption
(HISD)



Science & Technology Facilities Council

A

Heavy lon Induced Pressure Instability

The heavy ion beam particles colliding with residual gas molecules may
lose or trap an electron and be lost in the bending magnet. These very high
energy ions or neutrals bombard the vacuum chamber wall which results in
a very high desorption yield (up to a few thousands molecules per ion). This
causes further gas desorption, resulting in a pressure rise and more lost
beam particles bombarding the wall...

\+

N

A* A*
e el - - - - - - - - - - — il -
|<-Dipole-> | < ---------mmmmmmmo- Straight -------------------m o >
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ce & Technology Facilities Council

ASTeC

Heavy ion stimulated desorption (ISD) is a key parameter to model
pressure instability in high intensity ion machines like FAIR at GSI,
LURE at CERN, RHIC at BNL. It can be a significant source of gas in a
vacuum system where the ion beam bombards the surface.

There is very little data, most work has been done at GSI and CERN.

Similarly to thermal desorption, PSD and ESD and ISD, the HISD
depends on: choice of material, cleaning procedure, history of
material and pumping time.

It is also depends on:
 Mass, charge and energy of heavy ions impacting the surface
* lon flux to the surface
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NEG coated vacuum chamber



' Two concepts of the ideal vacuum chamber

Traditional: ‘New’ (C. Benvenuti, CERN, ~1998):
e surface which outgasses as little as  ® surface which outgasses as little as
possib'e (’nil’ |dea“v) pOSSible (‘nil, |dea”V)

e a surface which does pump,
however, will not be contaminated
due to a very low outgassing rate

* surface which does not pump
otherwise that surface is
contaminated over time

) Results in
* Resultsin e NEG coated surface
* Surface cleaning, conditioning, e There should be no un-coated parts
coatings e Activating (baking) in-situ at 150-
 Vacuum firing, ex-situ baling 180°C
e Baking in-situ to up to 300°C e Small pumps for C,H, and noble
gases

* Separate pumps

o = O
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SEM images of films (film morphology)

J—
columnar dense

EHT = 10.00 kv Signal A = InLens Date :13 Dec 2006
WD= 11mm Photo No. =173 Time :13:37:28

O.B. Malyshev, R. Valizadeh, J.S. Colligon et al. J. Vac. Sci. Technol. A 27 (2009), p. 521.
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VXSl \What NEG coating does?

1) Reduces gas desorption:

* A pure metal (Ti, Zr, V, Hf, etc.) film [ -
~1-um thick without contaminants.

A barrier for molecules from the
bulk of vacuum chamber.

2) Increases distributed pumping ¢
speed, S: ®

* A sorbing surface on whole vacuum
chamber surface

S = a-Av/4; o e
where a — sticking probability,
A - surface area,

v — mean molecular velocity
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First experiments with NEG coating:

Conductance method
e Samples coated with Ti-Zr-V at CERN (Switzerland)

e Experiments on a SR beamline at ESRF (France)

Gate Valve

Conductance Diaphragm
SIP SIP SP l

e® PP .
S={—H

Front-End Slits
©/

PG BAG l Water or liquid nitrogen
cooling circuit

9 :
[ %fl[ " NEG-coated chamber | - — -

and Absorber BAG

@ PG : Penning Gauge

BAG : Bayard-Alpert Gauge
Turbomolecular QMA : Quadrupole Masss Analyser
pumping group SIP : Sputter lon Pump

SP : Sublimation Pump

Dynamic pressure rise for the Stainless Steel (baked at 300°C for 24 hrs)
and TiZrV coated vacuum chambers (activated at 190°C for 24 hrs)
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First experiments with NEG coating

Effective desorption yield
[molecules photon ']

O.B. Malyshev

lu]g

Dose [photons m™']

1020 104! 104 1043
1

l-I T 0 FTTTIFE II T T T erTrT =I T B Rrrr

ln24

m":! -

=

107 §

]
Activation 20 hours at 250° C
““‘\ |

;

10° E

10°°

10°®

Dose [mA hj

10°

10°

P. Chiggiato, R. Kersevan, Vacuum 60 (2001) 67.
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First experiments with NEG coating:
Three-gauge method

" e Samples coated with Ti-Zr-V at CERN
- b l/,/, (Switzerland)
% /X"« Experiments on a SR beamline at BINP
.| (Russia)
Pl P3
RGAZ RiOA3
+IG3

{?) LIx:

nel charber A
1.%1 LV
F+
@ St
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@ Comparison of PSD from 316LN and -
NEG coated vacuum chamber under SR

Stainless steel TiZrV
1E-5 £ . 1E-6 &=
= . M2: H2 =
K O M15: CH4 N
- ] ma2s:co B ® m2:H2
]
1E-6 ?&LWTW! A M44: CO2 1E-7 E <  M15: CH4
- . - [[]  M28: CO + CxHy
= - .ﬁ.'-‘“. ®de B
a
o 1E-7 %% 1E-8 |=
= s e 0D
S = ©<o -
‘© C -
T L =
B \ SRS
1E-8 | \ 1E-9 |
1E-9 L1 11t L1 it L it 1E-10 L1 1iitil L1 L it L1 1 iiii
1E+19 1E+20 1E+21 1E+22 1E+19 1E+20 1E+21 1E+22
Dose (photons/m) Dose (photons/m)

Dynamic pressure rise for the Stainless Steel (baked at 300°C for 24 hrs)
and TiZrV coated vacuum chambers (activated at 190°C for 24 hrs)
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Comparison of PSD from 316LN and

-,
NEG coated vacuum chamber under SR
o AP, n, o AP, n,
Gas [Torr] [molecules/ [Torr] [molecules/
photon] photon]
NEG TiZrV coated vacuum chamber
Before activation After activation at 190°C for 24 hrs
H, 0 4-10° 1-10° 0.007 | 5-10™ 1.5-10°
CH. 0 2.5.10° 2.5.10™ 0 1.5.-10™ 2.10”
C,H,(28) - - - 0 <4-10™" <3.10°®
CO (28) 0 6-10° 5.10™ 0.5 <2-10™" <1.10°
CO, 0 5.10° 3.10™ 0.5 <5-10™" <2.10°®
Stainless steel vacuum chamber baked at 300°C for 24 hrs
Initially After 1-10°* photons/m
H, — 3.10° 8.107° — 1.5-10” 4107
CH, R 8-10"° 1.10° R 6.5-10™" 810"
cO - 1.10° 8-10” - 3-10” 2.5-107
CO, - 1.10° 7-10° - 2:107 1.5-107
V.V. Anashin et al. Vacuum 75 (2004), p. 155.
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Science & Technology Facilities Counci

ASTeC SR Induced Pumping

then exposed to SR

NEG TiZrV coated surface was saturated with CO (i.e. no pumping speed)

1E-8+ .
= : 2
. /7]
(o] c _
= ) at the ends ..g The photon stimulated
o ’ £ NEG activation
a 1E-94 : c - _
@ TE-97 3 =  €fficiency estimated as
b in the centre
S &  0,=2X10°5[COMN]
'®) 14
O V)
1E-10‘: SR flux -4E+16
-2E+16
V.V. Anashin et al. Vacuum 75
(2004), p. 155.
e e 0E+0
0 500 1000 1500
Time (min)
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WS NEG coating in accelerators

First used in the ESRF (France);

ELETTRA (ltaly);

Diamond LS (UK);

Soleil (France) — first fully NEG coated,;

LHC (Switzerland) — longest NEG coated vacuum chamber;
SIS-18 (Germany); MAX-IV (Sweden)

and many others.

VV YV VYV V VY

Meanwhile:
» NEG film capacity for CO and CO, is ~1 ML:
» If P =107 mbar then 1 ML can be sorbed justin ~103s;

» Lab measurements of different NEG coatings often don’t repeat
CERN’s data on sticking probability and capacity;

» However, NEG coated parts of accelerators work well.
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What is required:

Input data for accelerator design:
 n(D,E,T,), o(M,T,), pumping capacity,
Better understanding:

« what and why;
 practical ‘do’s and ‘don’t’s;

Further development of this coating:

* lower n, T, SEY;
* higher a(M), pumping capacity;
« optimising for an application.
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™ NEG coating activation procedure

Degas SIP,
RGA and IG

Bakeout tempetature NEG activation temperature

200-250°C ' 180-300°C for 24 hrs.

Original procedure

—

Y . ASTeC procedure
1 e 7 NEG coated sample 0O.B. Malyshev et al,
o ‘ ‘ Uncomedvéwummmb‘er ‘ ‘ ‘ J. Vac. Sci. Technol. 27
0 10 oo w e = @ K (2009) 321-327.
300 Degas SIP,
RGA and 1G
250 | - - B_akgou_t te_m%eteztur_e - - NEG activatoion temperature
ASTeC’s NEG coating !
activation procedure results in £ ; o e
a better NEG activation : e
(higher « and pumping * . ‘.
capacity) because less gas '.
from uncoated parts is —— NEG conted sampis \
poisoning NEG during the N e S
aCtlvatI O n -10 0 10 20 Tim:(zhrs) 40 50 60 70
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CO sticking probability

Reducing activation temperature:
Twisted wires vs. alloy target

LE+00
p—F—l— = —— == ——+————4
/
/
/ NI .-
LE0L S -0 ,‘
7 P __A
AR il
G- /
/
/ —&— TiZrV(twisted wires)
/ = O~ TizZrV (alloy wire)
£ == TizrV (alloy wire)
LE-02 Y
140 160 180 200 220 240 260 280 300

O.B. Malyshev

Activation temperature, °C

Ceramic

feedthrough \

O —

{

Kr——>s

injection

=1

+H’\7

DC and pulsed DC

1 power supply

Vacuum
pump

A

Tubular
sample

Solenoid __
B=240G

Test pieces

Ceramic——

[ L ]

Target: Ti, Zr, Hf, V
twisted and alloy wires

R. Valizadeh et al, J. Vac. Sci. Technol. 28 (2010) 1404-1412.
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Reducing activation temperature:
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Pressure In the accelerator
vacuum chamber

* Improving pumping
properties is limited:

77 a<l
P oc — 0.005 < ¢, < 0.01
04 0.1< g <0.5
0.4< 0-5,<0.6

where
n - desorption yield . .
o N * Reducing the desorption
a - sticking probability yields 7 in orders of
magnitude is a realistic
task
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' ESD yield from NEG coated samples

(a) Dense film (b) Columnar film 316 |_ N
—_ o
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H2 ESD from NEG coated vacuum fired 316LN |

(a) Columnar film (b) Dense film
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Nn(E..) for different gases for NEG coating |
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@ Science & Technology Facilities Council

Cryogenic beam
vacuum chamber



A and B are vacuum
chamber
without a liner

e CandD are
experiments

with a liner with
pumping holes

e E isthe beam
lifetime limit

@ Low temperature does not necessary

\;acuum Chamber at Low Temperature: PSD and Recycling

1011§ I Illllll LI Illllll LI IIIIIII LI Illlg
- B .
1010~ - =
o F :
S 10°- )-: -
‘:“ [ 7
108 ;— ;' —
; D ]
107 L1 I1II11| |1 Hllill [ IIlIlli oLl
10" 10%° 1021 102 10%
Integrated photon flux, photons/m
TIP-05624

Figure 2. Dynamic H, density measured at the center of the blegm
tube with and without liner. The density is normalized to 1¢10
photons/m/s.

V. Anashin et al. SSCL-Preprint-517 Rev.2,
Apr 1994.

V. Anashin et al. JVST A12 (1994), p. 2917.

provides good vacuum in a vacuum chamber!

O.B. Malyshev
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Vacuum Chamber at Low Temperature

J—

Primary photodesorption
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Average removal coefficient (molecules/phaton)
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Secondary photodesorption:

recycling and cracking
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€ Cracking of cryosorbed CO, molecules by SR

1E-8

« About 103 monolayers of CO,
were condensed

« COis the main gas during SR

1E-10
e « 0O,is ~10times lower
l% « CO,is ~30times lower
5

1E-11

2CO, +7 — 2CO+0,
1E412 — 7T T
0.0E+0  40E+18  BOE#I8  1.2E419  1.8E+19  20E+10
Dose, photons V. Anashin et al, NIM A (1998), p. 258.

Fig. 3. The dynamic pressure dependance on the photon dose for
O, O, and OO, in the experiment with an average coverage of
8.2+ 10" molecules/cm’.
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¢ Vacuum Chamber at Low Temperature:
Molecular Cracking

There are four main photodesorbed gases in a cryogenic
vacuum chamber: H,, CH,, CO and CO,, and two of them
(CH, and CO,) can be cracked by photons, ¥

CH,+y >C+2H, and 2CO, +y —> 2CO+0,

The additional amount of H,, CO and O, appears in a
vacuum chamber due to photo-cracking of CH, and CO..

The efficiency of photo-cracking of CH, and CO, is about
10 times higher then CH, and CO,, desorption from their
cryosorbant!
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ASTeC

How to use the experimental data
In accelerator design
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=> This is for an ideal orbit and is very sensitive to the real beam position
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PSD vyield and flux as a function of distance
from a dipole magnet
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=> These data for each gas can be used in the gas dynamics model.
=> Uncertainty in desorption flux is less than in photon flux and desorption yield
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Final remarks:
Vacuum is not an exact science

There are a number of uncertainties in desorption yields:

Desorption yields may differ (by factor 2 or even more) for
vacuum components made of the same material after exactly
the same cleaning procedure and treatments

Results of Experiments:
* 10-20% accuracy for all gauges at UHV

« RGA calibration procedure can lead to an error: up to a
factor 5 with a Faraday cap or a factor 10 with SEM

« Modelling error (from 0.5% to a factor 2 or even more)

Approximations: extending of experimental results on a few
order of magnitude, - it Is just a reasonable guess!
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