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Abstract

Preliminary studies performed with the cold bore super-
conducting undulator installed in the ANKA storage ring
suggest that the beam heat load is mainly due to the elec-
tron wall bombardment. Electron bombardment can both
heat the cold vacuum chamber and induce an increase in
the pressure because of gas desorption. In this contribution
we compare the measurements of the pressure in a cold
bore performed in the electron storage ring ANKA with
the prediction obtained using the equations of gas dynamic
balance in a cold vacuum chamber exposed to synchrotron
radiation and electron bombardment. The balance results
from two competitive effects: the photon and electron des-
orption of the gas contained in the oxide layer of the cham-
ber wall and of the gas cryosorbed, and the cryopumping
of the cold surface. We show that photodesorption alone
cannot explain the pressure rise observed and that electron
multipacting is needed.

INTRODUCTION

A cold bore superconducting undulator isinstalled in the
ANKA storage ring since 2005 [1]. The beam heat load
and the pressure in the cold vacuum chamber have been
monitored since then. A correlation between the heat |oad
and the pressure is observed. A simple model of electron
bombardment appears to be consistent with the beam heat
load and pressure rise observed during normal user opera-
tion[2].

In this paper we solve the equations of gas dynamic bal-
ancein a cold vacuum chamber exposed to synchrotron ra-
diation and electron bombardment. We show that the pres-
sure rise observed can be explained by the occurence of
electron multipacting and not by photodesorption.

MODEL

The equations of gas dynamic balance inside a vacuum
chamber can be written as (see Ref. [4, 5] and references
therein):

dn , d*n
VE = q+q(s)—ozS(n—ne(s,T))—Fuw,
A% = aSn—ne(s, ) ~ /(5 @
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where n is the volume gas density, s the surface density of
the cryosorbed gas, V' the vacuum chamber volume, A the
vacuum chamber wall area, ¢ is the primary beam induced
desorption flux, ¢’ the secondary beam induced desorption
flux (desorption of cryosorbed molecules), « the sticking
coefficient, S = Av/4 istheideal wall pumping speed, v
is the mean molecular speed, n. the thermal equilibrium
gas density, and v the specific vacuum chamber conduc-
tance per unit axial length. We consider in the following
the gas to consist only of Hy. The beam induced desorp-
tion flux consists of photon (PSD) and electron (ESD) stim-
ulated desorption:

g = nl+¢06;
¢ = 1T+¢6; @)

where n and n’ are the primary and secondary electron
stimulated desorption yields, T is the electron flux, ¢ and
¢’ are the primary and secondary photodesorption yields,
and © is the photon flux.

The specific vacuum chamber conductance per unit ax-
ia lengthisgivenby u = A.D, where D = 2/3A.v isthe
Knudsen diffusion coefficient being A . the area of the rect-
angular cross section of the vacuum chamber. Axial dif-
fusion can be neglected when DA./L? < Sa [4], which
means.

8 A2

3AL?
Experimental values of the sticking coefficient for Hy at
4.2 K indicate o > 0.02 [6]. Even considering oo = 0.02
condition (3) is satisfied for the geometry of the undulator
vacuum chamber where L = 1.8 m and for agap of 29 mm,
A. = 0.00191 m? and A = 0.266 m?. Thereforein the
following we neglect axia diffusion ud?n/dz? ~ 0.

<a. 3

RESULTS

Various simulations have been performed solving Egs. 1
using the valueslisted in Table | asinput parameters. Most
of the input parameters as the photon and electron primary
and secondary desortion yield, as well as the sticking co-
efficient are very difficult to be measured. In the litera-
ture they are found within a large range of values. The
photon primary desorption yield ¢ and the ratio of the
secondary photodesorption yield ¢’ with the sticking co-
efficient o have been measured on a copper electroplated
stainless steel liner by Anashin et al. [8] to vary in the
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range2 - 10~% < ¢ < 5-1072. In Ref. [9] are reported
the measurements of the primary electron desorption yield
5-107* < n < 107! and the sum of the primary and
secondary electron desorption yelds over the sticking coef-
ficient2- 1072 < (n +7')/a < 10 for the Large Hadron
Collider (LHC) beam screen (copper electroplated stainless
steel liner) at 12 K as functions of the electron dose. In a
more recent work [10] a measurement of the sticking co-
efficient as a function of Hy coverage at about 2 K on the
LHC beam screen show that 0.25 < o < 0.52.

The idea is to change the input parameters within the
range of values found in the literature and to compare the
pressure simulated with the one measured. If not differ-
ently specified, we have used the values indicated in the
column 'fixed" and we have performed different simula-
tions by varying the parameters shown in Table1 within
the values indicated in the columns 'min’ and 'max’. The

Table 1: Values used as input parametersin Egs.1.

min max fixed
ng (10'3 mol/m3) 1.2
so (109 mol/m?) | 1.4 166 | 1.66
« 3 5 5
10} 0.0001 | .01 0.0002
1od 0.01 A 0.09
n 0.001 .003 0.002
7 0.001 .005 0.003
Iy (10'°ph/sec) 4.6
O (10'7el/sec) 6.
7 (se0) 47857
Tel (SEC) 8000 16000 | 11000

volume gas density n at a temperature 7" is related to the
pressure measured at room temperature by:

d @
n—= —.
kpvTTrr
The value of ng is obtained by Eq. 4 with P = 6 x

10~ mbar. We have assumed n. (s, T') = ng. Thesurface
coverage at equilibrium s is deduced by the measured ad-
sorption isotherms of H, on copper plated stainless steel at
4.2 K from Ref. [11].

The photon flux is proportional to the beam current, so
we consider it to decay exponentialy with timeas: I' =
'y exp —t/7 where 7 is the beam lifetime which we as-
sume here about 13 hours. We assume that the el ectron flux
also decays exponentially in time: © = ©gexp —t/7e;.
We have varied 7; between 2 and 4 hours. For the ANKA
cold bore vacuum chamber with gap = 29 mm and average
beam current I = 100 mA, the photon flux impinging on
the lower and upper surfacesis © = 4.6 10'° photons/s.

If the heat load observed is generated by electron bom-
bardment and assuming a mean electron energy AW =
10 eV (for atypical 3.6 x 10° electrons/bunch), the esti-
mated electron flux for a heat load of P = 1 Wis T ~
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6 x 107 electrons/s. We assumethen 'y = 6 x 1017 elec-
trons/s.

The pressure rise obtained considering only photodes-
orption is plotted in Fig. 1. Simulations considering only
photodesorption (O, = 0 el/sec), and using the 'fixed val-
ues of the input parameters as in Table | varying the stick-
ing coefficient o (see Fig. 1 a)), the primary photodesorp-
tionyield ¢ (see Fig. 1 b)), the secondary photodesorption
yield ¢’ (seeFig. 1 ¢)), and the initial value of the H, sur-
face coverage s (see Fig. 1 d)) have been performed. The
results are compared with the measuredments (green cir-
cles) which span in a large range of values. The typical
observed behaviour is indicated by the three curves with
green circles. Taking into account of photodesorption only
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Figure 1. Pressure in the cold vacuum chamber as a func-
tion of time. The green circles indicate the typica be-
haviuor and range of measured values. The simulations
shwon in these plots consider only photodesorption (6, =
0 el/sec)and are obtained using the 'fixed' values of thein-
put parameters as in Table | varying a) the sticking coef-
ficient «, b) the primary photodesorption yield ¢, c) the
secondary photodesorptionyield ¢/, d) and the initial value
of the Hy surface coverage sg.

(69 = 0 d/lsec), by varying the input parameters in the
range indicated in Table | it is impossible to reproduce the
observed behaviour of the pressure.

The results obtained considering also electron desorp-
tion are shown in Fig. 2. By varying the input parameters
in the range indicated in Table | it is in this case possible
to reproduce the observed behaviour of the pressure. The
measurementsarewell reproduced by using adecay time of
the electron desorbing Ho from the surface 7.; of 8000 sec.
This implies as a result the multipacting shown in Fig. 3,
where the flux of the electrons desorbing Ho, molecules
from the cold surface is shown as a function of the beam
current. Multipacting occurs in Fig. 3 a beam currents
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higher than about 120 mA.
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Figure 2: Pressure in the cold vacuum chamber as a func-
tion of time. The green circles indicate the typical behavi-
uor and range of measured values. The simulations shwon
in these plots are obtained considering also electron des-
orption and using the ' fixed’ values of the input parameters
asin Table | varying a) the decay time of the electron des-
orbing Hs from the surface r;, b) the primary electron des-
orption yield ), c) the secondary electron desorption yield
7', d) and theinitial value of the H, surface coverage sg.
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Figure 3: Flux of the electrons desorbing H, molecules
from the surface a function of the beam current.

CONCLUSIONSAND OUTLOOK

A simple model of electron bombardment appears to be
consistent with the beam heat load and pressure rise ob-
served in the cold bore of the superconducting undulator
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installed a¢ ANKA. The nature of the electron bombard-
ment isnot clear [13]. We have shown that to reproducethe
pressure measurements it is necessary to include electron
multi pacting, which implies adecay time of the el ctron flux
7.1 shorter than the beam lifetime 7. Considering the sim-
plified assumptions, for example the gas made by H, only
and the poor quality of the measurements the agreement
between simulations and measurments is satisfying. A re-
finement of the model makes sense once more accurate and
controlled measurementswill be available with the planned
cold vacuum chamber (COLDDIAG) to be installed in a
storage ring, implemented with the following diagnostics:
i) retarding field analyzers to measure the electron energy
and flux, ii) temperature sensors to measure the total heat
load, iii) pressure gauges, iv) and a mass spectrometer to
measure the gas content [12].
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