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1. Introduction

Mogt of the length of the LHC vacuum chamber will be a cryogenic temperature. High
intengty photon flux will simulate photodectron emisson from the wal of the LHC vacuum
chamber. The photodectrons participate in different processes in the vacuum chamber, some
more important ones are the gas photodesorption and the beam induced multipacting. The am
of the present work was to study one important question: how much the layer of condensed gas
will change the photod ectron emisson.

This note describes the study fulfilled from March to May 1998 in the frame of the
collaboration between CERN and the Budker Inditute of Nuclear Physics (Novosbirsk,
Russia) (seeitem 1.4) [1].

2. Set-up

The ‘ open geometry’ set-up which was used to measure the photodesorption of cryosorbed
gases [2] was modified to measure the photocurrent from the substrate with a condensed gas
layer by the synchrotron radiation. The layout of the ingdlation is shown in Figure 1.

The main difference: two isolated eectrodes were indtdled in front of the substrate. The
electrode C; which is close to the subdtrate is conic with a 35-mm hole. It is a collector of the
photoelectrons. The bias between the collector and the substrate could be varied from —300 V
to +300 V. The second electrode C; is a disc with a 25-mm hole at the centre. This electrode
plays two roles: (a) no direct photons irradiate the first eectrode; (b) the potentia of about 50
V isagood dectrogtatic barrier for any photoel ectrons from both sides of the second e ectrode.

The photocurrent from the substrate with cryosorbed gases was measured from the

dectrode C;.
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Figure 1. The experimental set-up on the synchrotron radiation beam line. F is the cryostat, | is the
isolating vacuum, V isthe experimental volume which can be separ ated from the beam line with thevalve A
shown in the closed position. The membrane gauge M G measures the gas pressure in the volume G which
isinjected via the pipe B and condensed onto the substrate S at cryogenic temperature. C, and G, are the
insulated collector electrodes.

3. Experiment

In dl experiments, the photoelectron yield was measured as the ratio of the measured

output current | e (i.€. the electron flux from or to the substrate) to the incident photon flux G:



51 — Im&[p‘]
9= Ganagisa

here eisthe eectron charge.

The photodectron yield was studied as a function of condensed gas surface coverage for
different bias potentias of the electrode.

The measurements were done for layers of condensed H,, CH,4, CO, CO, and Ar and
only one gas was sudied in each experiment. The photocurrent was measured initidly for a bare
surface and afterwards the gas was injected onto the substrate, portion by portion. Each point in
the presented graphics corresponds to the measurement after one gas injection. The
measurements were done for different biases and the more interesting results at zero bias, 100
V and 300 V are presented in the graphics.

The photoelectron yidld from the bare substrate is 1.74.0° eectron/photon at zero bias
and 1.04.072 electron/photon at 100 to 300 V bias.

3.1 Photoemission from condensed H,

The H, was condensed on the substrate at about 3 K.

The photoelectron yield from the substrate does not change with surface coverage of the
condensed gas up to about 10" molecules'cn? and remains equd to the photodectron yidd
from the bare subgtrate. The photodlectron yields at 100 V and 300 V are the same. The
photoel ectron yield at higher surface coverages decreases. A small difference appears between
messurements at 100 V and 300 V.

For a surface coverage higher than 10" molecules'en the photoeectron yild increases
aso with photon dose a any bias. This effect is not the result of a reduction of the surface
coverage due to photodesorption. The variation of surface coverage was taken into account in

the data which are presented in Figure 1.



3.2 Photoemission from condensed CO,

The CO, was condensed on the substrate at about 68 K. The experiment was repeated
twice: exp.1 and exp.2 in Figure 2.

The photodectron yield does not change with respect to the bare substrate up to a
surface coverage with condensed gas of up to 10™ molecules/cn?. The photodlectron yields at
100V and 300 V bias are the same.

The photodlectron yidld increases by a factor of 1.5-2 for surface coverage between
10"-3:10"" molecules/en?. The photodectron yidd at higher surface coverages decreases. A
smadll difference is observed between measurements at 100 V and 300 V bias.

For surface coverages exceeding 10" molecules'en®, the photoeectron yield decreases
dightly with photon dose a any bias voltage.

3.3 Photoemission from condensed CH,4

The CH, was condensed on the substrate at 4.2 K.

The photodlectron yield does not change with surface coverage gas up to about 10"
molecules/on? with respect to the bare subgirate.  The yield decreases for a higher surface
coverage and for zero bias voltage as shown in Figure 3..

At 100 V and 300 V bias the photoelectron yield from the substrate does not
change with surface coverage with condensed gas up to about 240" molecules'ent and
remans gpproximately equal to the photodectron yied from the bare subsrate. The
photoelectron yield at 100 V and 300 V bhias are the same. It increases at higher coverage and
remains about 2 times higher between 10"°-10"".

At a coverage of about 340" moleculesion?, a significant difference between the
dataat 100 V and 300 V bias can be observed. The authors believe that this difference may be
due to a discharge between the substrate and the collector. The indirect confirmation is that at
about 2:10" moleculeslent the measured current remains initialy the same when the photon flux
is switched off and then dowly decreases with time. At adightly smdler or larger coverage, this



effect dso takes place, but the decaying occurs faster. Hence, the measured current is a
compoasition of dectron photocurrent plus discharge current, and the latter may be the dominant
contribution. Under the condition that the discharge current depends on the potentia gradient on
the gas density and on the geometry of the substrate or the collector, one must conclude that the
messured value a high coverage (exceeding 10" moleculesion) is irrdlevant for the eectron
multipacting study for the LHC.

The same effect was detected a 100 V for surface coverages above
2:10" moleculesien?. The photoelectron current decreases at coverage of 10”° molecules/'on?
for both 100 V and 300 V bias.

3.4 Photoemission from condensed CO

The CO was condensed on the substrate at 4.2 K.

The photodlectron yield from the subsirate does not change with the surface coverage
of condensed gas up to about 10" molecules'en? with respect to the bare substrate and
decreases a a higher surface coverage and a  zero bias voltage (see
Figure 4).

At 100 V and 300 V bias, the photoeectron yidd from the subgirate is dightly less
at 10" molecules/cn? as compared to the bare substrate, but increases with surface coverage
and at about 10" molecules/on? it is equal to the bare subgtrate. The photodlectron yields at
100 V and 300 V are the same. At a coverage higher than about 10" molecules'cn?, one
observes a significant difference between data a 100 V and 300 V. The characterigtics of the
observed effect is very amilar to CH,. The authors believe that a gas discharge between the

substrate and the collector occurs aso in this experiment.



3.5 Photoemission from condensed Ar

The experimenta set-up was not designed to study the gas dicharge processes. A fast

experimental test with Ar condensed at 4.2 K was performed to compare the measured

dependencies of this gas with the ones for CH, and CO. Argon was therefore chosen as a gas

which could enhance this discharge effect. Indeed, with Ar. a much gsronger effect was

observed with essentidly the same characterigtics.

4. Summary

1

2)

3)

The photoelectron yield from the substrate does not change with surface coverage
with condensed gas up to about 10" moleculesion? and remains equa to the
photoel ectron yield from the bare substrate.

The photodectron yield is between 1.5-2 times higher for a surface coverage with
condensed gas between 10"°-10" moleculesien for condensed H,, CH,, CO and
CO, as compared to the bare substrate.

For a surface coverage higher than 10" moleculesen? the photodlectron yield
decreases with coverage for al gases a zero bias and for H, and CO, at the bias of
300 V. The photodlectron yield increases 2—3 times compared to the initia vaue of
the bare substrate for a coverage of CH, and CO higher than 10" molecules/cn?
due to the gas discharge between the substrate and the collector. The genera trend
isthat the yield decreases with higher coverage.
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