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1. Introduction

 
 Most of the length of the LHC vacuum chamber will be at cryogenic temperature. The high

intensity photon flux will stimulate photoelectron emission from the wall of the LHC vacuum

chamber. The photoelectrons can participate in the different processes in the vacuum chamber,

the more important ones are the gas photodesorption and the beam induced multipactoring. The

aim of the present work was to study the important question: How much a layer of condensed

gas may change the photoelectron emission with the photons irradiating the vacuum chamber at

grazing incidence?

 

 This note describes the study performed between March to May 1998 within the frame of

the collaboration between CERN and the Budker Institute of Nuclear Physics, Novosibirsk,

Russia (see item 1.5). [1].

 

2. Set-up

The existing ‘close geometry’ set-up which was previously used to measure the

photodesorption of cryosorbed gases [2] was modified to measure the photocurrent from the

substrate with the condensed gas layer under the synchrotron radiation. The layout of the central

part of the installation is shown in Fig. 1. The test tube was made of a 1m long stainless steel

tube (ID=32 mm) with electro-deposited Cu. The temperature of the test tube could be either

room temperature or the temperature of the corresponding liquid in the cryostat. An electrically-

isolated collector was installed coaxially at the end of the chimney as an additional measuring

instrumentation.  This is a disk with an area

Acol = 0.75 cm2 which remains at room temperature irrespective of the temperature of the test

tube. The potential of the collector can be varied in the range ±300 V. The current from the

collector was measured with a low current transducer. The low limit of the current measurement

is 10-14 A at zero potential and 10-11 A at +300 V.
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In experiments with condensed gas, the experimental volume was filled with CO2, measured

by the absolute pressure transducer (BARATRON) and cooled to about 69 K. During

irradiation, the gas density was measured by the residual gas analyser (RGA).

In all experiments the grazing photon incident angle was about 10 mrad. The electrode is

opposite to the directly irradiated surface.

Figure 1. The experimental layout

3. Experiment

In all experiments both the photoelectron current and the gas pressure were measured.

The results are presented as a photoelectron current measured from collector, Icol,

corresponding to the photon flux 1610=Γ&  photon/(sec⋅m).
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The photoelectron yield was studied as a function of the condensed gas surface coverage at

different bias potential on the electrode-collector.

The runs of the experiment

1. The measurements at room temperature with a bare surface.

2. The measurements at T ≈ 77 K with a bare surface.

3. The measurements at T ≈ 68 K with about 1000 monolayers of condensed CO2.

4. The measurements at room temperature with bare surface.

5. The measurements at T ≈ 68 K with about 100 monolayers of condensed CO2.

The results of the measurements with the collector are presented in Fig. 2.

The collector potential was varied in the range from –300 V to +300 V. At negative

potential only photoelectrons emitted due to reflected photons reaching the collector are

observed. The saturated value is reached at about –10 V for all experiments. At positive

potential, the photoelectrons from vacuum chamber wall are collected on the electrode-

collector. The measured current increases with the potential but does not become saturated

even at the highest potential of +300 V.  This effect is attributed to the fact that with a higher

potential, the photoelectrons from a longer part of the vacuum chamber are collected.

The ratio of the photocurrents in different experiments to the photocurrent in the vacuum

chamber at room  temperature is shown in Table 1. The photoelectron yield from the collector

at negative potential decreases with coverage of cryosorbed CO2.  Since only diffusely reflected

photons can irradiate the collector, one could conclude that the flux of diffusely reflected

photons from the surface with condensed gas is reduced. The photoelectron current of the

collector for positive potential also decreases with the coverage of cryosorbed CO2, but the

ratio Icol/Icol(300K) for positive potential is smaller than far a negative bias, hence the

photoelectron yield from the surface with condensed gas is reduced.
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Figure 2. The measured current from collector as a function of bias
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Table 1

The ratio of photocurrent in experiments to the photocurrent in Run 1 at T=300 K

Icol/Icol(300K)

U = – 10 V U = 0 V U = + 300 V

The bare tube at T=77 K 0.87 0.84 0.74

T≈69 K,

100 monolayers of CO2

0.91 0.6 0.63

T≈69 K,

1000 monolayers of CO2

0.45 0.25 0.23

As an additional result, Table 3 shows the residual gas spectrum in the test vacuum

chamber with and without irradiation. The lines with ‘∆’ show the pressure rise due to photo-

stimulated desorption. The vacuum chamber was stored at high vacuum before beginning these

measurements; this is the reason why the gas density without photons is much less in Run 1 and

Run 2 compared to Run 4. The latter was done following a short warm-up after Run 3, and

showed that a large quantity of gas remains on the walls of the vacuum chamber and on the

RGA tube.

It is interesting to compare the spectrum in Run 3 and Run 5. The pressure rise of CO is

about 4–5 times higher then for CO2, the pressure rise of O2 is about 15–20 times higher then

for CO2. That again confirms the effect of cracking of condensed molecules of  CO2 into CO

and O2 molecules [3,4,5] via the process: 22 2~2 OCOCO +→+ γ .

The gas density can be described as [6]:
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where the index i denotes the gas species in the residual gas spectrum;
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n [molecules/cm3] is the volume molecular density;

s [molecules/cm2] is the surface molecular density;

Γ&  [photon/sec] is the photon intensity;

η  [molecules/photon] is the primary photodesorption yield;

'η [molecules/photon] is the photodesorption yield of cryosorbed molecules (secondary

photodesorption yield);

σ  is the sticking probability;

)( ji sχ [molecules/photon]  is the cracking yield which determines how many type i molecules

are created due to cracking of type j molecules per photon.

4/ii vAS =  [cm3/sec] is the ideal wall pumping speed, iv  is mean molecular speed for the gas

i;

ne [molecules/cm3] is the thermal equilibrium gas density.

In this experiment, the primary desorption and the equilibrium gas density can be

neglected, hence it is possible to estimate the values of the cracking yield and of the secondary

desorption from the layer of CO2 by using the following expressions:
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    The measured value is the room temperature partial pressure, cryoRTBii TTknP ⋅= , here kB

is the Boltzman constant, TRT is a room temperature (the RGA’s temperature) and Tcryo is the

temperature of test vacuum chamber. Hence:
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The estimates with these formulae are presented in Table 2.

Table 2

The secondary desorption of CO2 and cracking yields of CO and O2

from the layer of condensed CO2

CO

CO

σ
χ

2

2

O

O

σ

χ

2

2

CO

CO

σ

η′

Run 3 6⋅10-2 0.24 1.1⋅10-2

Run5 6⋅10-2 0.12 6.4⋅10-3

The sticking probability for CO2 is close to unity for high coverages between

100–1000 monolayers. From the formula 22 2~2 OCOCO +→+ γ  one may expect:

2
2

=OCO χχ . Unfortunately, there are no data available on the sticking probability for O2 and

for CO on a condensed layer of CO2 at T = 68 K. Therefore, the relatively large value

22 OO σχ  can be explained only when the sticking probability for O2 is much less then for CO.

Another interesting effect is that the H2 pressure decreases in the presence of photons in

experiments 3 and 5, see negatives ∆ values in Table 3. The cryo-trapping of H2 molecules with

CO, O2 and CO2 looks a good (quite real) explanation of this effect.
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Table 3

The partial pressure of different gases in experiment

Run

�

T,

[K]

s(co2)
[mono-
layers]

Γ& ,
 phot 
sec⋅m

P H2

(M=2)
[Torr]

PH2O

(M=18)
[Torr]

PCO

(M=28)
[Torr]

PO2

(M=32)
[Torr]

PCO2

(M=44)
[Torr]

1 300 0 0

1016

∆

6⋅10-9

5⋅10-8

4.4⋅⋅10-8

2⋅10-9

3.4⋅10-8

3.2⋅⋅10-8

0.7⋅10-8

1.9⋅10-8

1.2⋅⋅10-8

10-11

10-11

0

7⋅10-10

4.3⋅10-7

3.7⋅⋅10-7

2 77 0 0

1016

∆

5⋅10-9

1.7⋅10-8

1.2⋅⋅10-8

8⋅10-10

8⋅10-10

0

1.5⋅10-8

1.7⋅10-8

2⋅⋅10-9

10-11

10-11

0

1.3⋅10-10

3.8⋅10-10

2.5⋅10-10

3 68  1000 0

1016

∆

5.9⋅10-8

1.4⋅10-8

-4.5⋅⋅10-8

1.5⋅10-8

2.5⋅10-8

1⋅⋅10-8

10-8

1.6⋅10-7

1.5⋅⋅10-7

10-10

6.5⋅10-7

6.5⋅⋅10-7

10-8

4.3⋅10-8

3.3⋅⋅10-8

4 300 0 0

1016

∆

10-7

10-7

0

2.6⋅10-7

2.3⋅10-7

3⋅⋅10-8

8⋅10-9

3.2⋅10-8

2.4⋅⋅10-8

10-10

10-10

0

4.6⋅10-9

2.7⋅10-8

2.2⋅⋅10-8

5 68 100 0

1016

∆

10-7

10-8

-9⋅⋅10-8

1.4⋅10-8

1.4⋅10-8

0

10-8

1.6⋅10-7

1.5⋅⋅10-7

10-10

3.3⋅10-7

3.3⋅⋅10-7

5.4⋅10-9

2.6⋅10-8

2.0⋅⋅10-8

4. Conclusion

1.  The diffuse photon reflectivity decreases with the amount of cryosorbed CO2.
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2.  The photoelectron yield decreases with the amount of cryosorbed CO2.

3.  The gas density measurements confirm the effect of cracking for cryosorbed CO2

into CO and O2.

4.  The gas density measurements show the cryo-trapping effect for H2 in presence of

synchrotron radiation.
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