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ples of regression curves
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@KEK Regression curve at Storage part —— ()<=

e Recent behaviors of pressure is not linearly proportional to P2 L —

S
the beam current (1) and depends on the number of i (=R :
bunches (N,) as well. — - i

L o 1272 . 1

e The behaviors of pressure can be described by including the [« 303 =,|,A_# 2

O oI

effects of photo-desorption due to synchrotron radiation (SR)
as well as thermal gas desorption due to heating of the | ; I"‘
beam pipes and other vacuum components. o _,,_,'-,:f‘

e The total pressure rise (AP) is the sum of that due to photo-
desorption (AP,) and that due to thermal desorption (AP,).

1x107 |

Pressure [Pa]
e,

o SPIETINE EPPSTNL | LSO EPCIDI (P
0 200 400 600 800 1000 1200

AP = AP, + AP; Beam current [mA]

e For AP, the pressure rise should be proportional to the number of photons irradiated onto the
surface.

e Therefore, at a constant beam energy, A P, is proportional to the current.
AP, < |
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@KEK Regression curve at Storage part ——— ()<=

%Pt,weassume that an equilibrium is almost established between the number of

molecules in the vacuum space and that on the chamber surface. Under this assumption, the
following equation holds.

c : Adsorption probability o : Adsorbed amount on the surface
P t o o Ed P, : Pressure [Pa] 7: Mean residence time for adsorption
¢ = - =_—€exp\— 5+ m : molecular mass [kg] 7, :Constant around 102 sec.
\/ZﬂkaT 1 To RT kg :Boltzmann constant E4 : Adsorption energy of gas molecules [J mol-]
T : Temperature [K] R : Gas constant (8.314 J mol-tK™1).

e Considering that the temperature range in question is narrow and near room temperature,
that is, 293 — 323 K (20 — 50 °C), the dependence of P, on T can be written as follows:

Eq4

P, < exp (— ﬁ)

 Here the dependences of o, velocity of molecules («<VT), and ¢, on T are much smaller than
the exponential dependence of .
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@KEK Regression curve at Storage part ()=

>Super

%pressure rise (AP,), when T increased to T+ AT, is the difference between P,at T+ AT and T

Eq
AP; X exp (— ) — exp (—

R(T + AT)

Ed)
RT

e However, the dependence of AP, on AT is complicated for deriving the regression curve.

e Considering that the range of T in question is relatively narrow around room temperature, we
approximate the exponential function by a power function of AT.

e Considering that the main desorbed
gas at these low temperatures (293 —
323 K) is water with an adsorption
energy (E,) of 50 — 100 kJ mol™!, AP, is
found to be well approximated by (AT)?
or (AT )3 from simple calculations.

AP, o (AT)2~3

9E-09

8E-09

@ ~
™ r'!\

o
m
(=]
0

Pressure (a.u.)

 b(AT)?

2% 300 305 310 315 320 325
Tem perature K]

~

b(AT)?

295 300 305 310 315 320 325

Temperature [K]
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@©KEK Regression curve at Storagey@ﬁ

To confirm this approximation, the pressure rise due to a temperature increase was
experimentally measured using a test chamber made of Al-alloy during baking process.

e The room temperature was 24.5 °C and the base pressure was 6.4 X 1077 Pa. The test chamber
was not baked out before this measurement. The temperature of the chamber was raised at a
rate of approximately 1 °C per 5 min up to ~60 °C.

e The measured dependence of AP vs. AT agreed well with these regression curves.
e We assumed that AP, is proportional to (A T ).

7x10°

O 0
. wee AP = 230800 x (¢ B314x(298+4T)
6x10° Al 30800 x (¢ st

5x10° | — AP =297 x 107" x (AT)**!

e Measured pressure

v
o

5 -2 o :‘ ¥ :, g’". y e g -TMP
ARG, # ,'.A":" - \ s/ . - : r{ : (0.3 m¥/s)
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q couplos (x3)_ < ~ T %04

~\ A o T

Scroll
, pump .
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©KEK

e However, the power of SR does not depend on N, and also water
cooling is applied near or behind any of the irradiated surfaces.

e Other possible sources are the Joule losses due to wall currents
and those from higher order modes (HOM) excited by the beams.
For both cases, the input power is proportional to the product of the
number of bunches (N,) and the square of current per bunch (I/N,).

Regression curve at Storage part/o e

* SR produced by the beam is considered as one possible source of " [~

heating.

‘12
AP, o (AT)? (N—>

b

2

e Finally, P can be written as follows:

e This equation well reproduces the pressure behaviors against I.

2023/11/28

2 P = P0+CI+Ct<

IR -

2

Ny

1)2

P, : Base pressure
C,, C;: Constants
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©KEK Regression curve at Tail part ()=

e Typical pumping down curve

e Starting from atmosphere, the pressure drops

exponentially with time (Range 1). ‘LO
e During this time, practically only gas is pumped gﬁ
which has been contained in the volume. The v
pressure drop in Range 1 is characterized by the o
vacuum time constant. Z
wn
P = P, exp(—at) g

. V V : System volume L A, A . S— -

a = S S : Pumping speed Time (l‘_()g10 1)
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© KEK Regression curve at Tail part ()=

md third range (Range 2 and 3), only

the outgassing rate together with the pumping speed

determined the pressure. o
e For Range 2, It is known that the decay exponent for g;
the desorption from surfaces of metals, glasses, and 9
ceramics yield values close to 1. >

[ .

k -

p=—" 2

t + ks L

. o.

e Finally,
k Time (Lo t)
P =P, + AP, + AP, = P, +kyexp(—k t) + ; +2k S0
3
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