
 

Thermal desorption of cryopumped gases from laser treated copper
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Recently, laser processing of copper samples has been demonstrated to produce rough surfaces whose
nanostructuring ensures unquestionable advantages for electron cloud mitigation in future particle
accelerators. The actual application of laser treated surfaces in accelerators implies that this new material
is compliant with many issues, going from impedance vacuum properties to many others. A significant
experimental effort is therefore ongoing to study and optimize their various properties of interest. Here we
analyze their vacuum behavior versus temperature. To this end, we studied thermal programmed desorption
from CO, CH4 and H2 once cryosorbed on laser treated copper substrate and on its flat counterpart. These
molecules are typically present in the residual vacuum of any accelerator. The results show that the
desorption of such gases from the laser treated substrates occurs in a much broader and higher temperature
range with respect to what is observed from the flat substrate. We also show that, at equal doses, treated
samples adsorb/desorb significantly more gas than their flat counterpart. These findings can be ascribed to
their nanostructured porous morphology. A quantitative analysis is given, allowing to properly estimate
fluctuations of the number of molecules during unavoidable temperature variations of the cryogenic
vacuum system.

DOI: 10.1103/PhysRevAccelBeams.23.063201

I. INTRODUCTION

One of the major topics in material science oriented to
accelerators R&D is the search of electron cloud effect
(ECE) mitigation strategies [1–6]. ECEs are one serious
potential showstopper for ultimate performance of accel-
erators of positively charged particles. Low energy elec-
trons, generated in accelerator vacuum chambers by
photoemission, residual-gas ionization and secondary
emission can seriously affect accelerators’ operation and
performance in a variety of ways. They can induce
increases in vacuum pressure, emittance growth, beam
instabilities, beam losses, beam lifetime reductions, or
additional heat loads on a (cold) chamber wall [5–13].
Such “cloud” electrons will be accelerated by the positive
beam, gaining energy and will finally hit the vacuum
chamber. There, they will create additional secondary
electrons, whose number is governed by the secondary
electron yield (SEY) of the wall surface. SEY is defined as
the ratio between the number of emitted electrons (also
called secondary electrons) to the number of incident
electrons (also called primary electrons). When SEY is

larger than unity, the electron population multiplies with
successive bunch passages. This can lead to the formation
of an increasingly high density of electrons in the cloud
and, hence, to ECE. Therefore, one powerful method to
control and overcome such effects is to construct accel-
erators’ vacuum chambers with a low SEY surface, ideally
always less than or just around one.
Recently, it has been shown that treating ametallic surface

by laser ablation surface engineering (LASE) is extremely
successful in reducing SEY below 1 [14,15]. In those
pioneering works, Valizadeh et al. showed that LASE gives
to the surface a particular morphology formed by different
scale structures, micrometrical grooves with coral-like sub-
micron agglomeration of nanospheres. SEY is therefore
reduced by a known geometrical effect [2,16–20]. Since
LASE “modified” surfaces appeared on the scene, a number
of experimental activities have started to validate such
surfaces with respect to a number of other requirements.
Magnetic properties, vacuum and constructive compatibility,
powder production, impedance issues (both geometric and
due to surface conductivity) are among the most stringent
ones [21]. This wide research activity fits well in a more
general approach, necessarywhen qualifying amaterial to be
used in accelerators. A significant effort, for instance, was
done to validate LASE to have surface conductivity within
the usually available minimal impedance budget. In respect
to the flat substrate, LASE structuring could significantly
affect surface conductivity and may have a crucial impact on
machine impedance [13,22–26]. A recent study on a specific
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LASE type has shown that its surface resistance depends on
the direction of the surface currents relative to the laser-
engraved groove pattern [27]: it increases by less than 10%for
parallel patterns, but, in the perpendicular case, it is 4–5 times
higher than the surface resistance of the flat counterpart.Work
is still ongoing, and a certain optimization of the structure
seems to be very promising, tailoring morphology to both
maximize conductivity and maintain a low SEY [6,13,25].
As laser treatment acts on Cu, which indeed is a vacuum

compatible material, one could expect that a morphological
modification would preserve this property. On the other
hand, it is known that porous materials have an effective
surface significantly larger than their flat counterpart. This
significant surface increase could certainly influence its
vacuum behavior. Moreover, a yet more severe issue arises
when considering to use such LASE treated surfaces at
cryogenic temperatures (T). It is well known that porous
structures efficiently trap surface contaminants, broadening
and shifting to higher temperatures the desorption of gases
[6,28–36]. Gas ices cryosorbed on flat surfaces desorb, in
ultrahigh vacuum, at specific and known temperatures
[37–39]. Therefore, the operational temperature of a
cryogenic chamber in accelerators is chosen not only for
costs and impedance reasons, but also to be far from such
desorption temperature onsets [21]. This strategy allows to
avoid vacuum transients during cold wall temperature
fluctuations. In LHC, for example, such T oscillations
are of the order of ∼5 K and are unavoidable and intrinsic
to the complex control network of the cooling loops
[38,39]. In case of strongly morphologically modified
vacuum chamber surfaces held at cryogenic temperature,
the evaluation of the saturated vapor pressure curves may
not be sufficient to assess the absence of vacuum transient
during small temperature fluctuations.
Recently, a specific study on Ar gas cryosorbed on

LASE-Cu showed that Ar ice does not desorb from this
treated surface in a very limited temperature range (as from
flat surfaces) but desorbs in a much larger interval [36]. In
that work, Ar was chosen as a prototypical inert gas but it is
certainly not representative of any gas species present, as
residual gas, in an accelerator’s vacuum systems. A more
thorough review of typical residual gas desorption kinetics
from a representative LASE surface is therefore mandatory.
The scope of the present paper is to analyze temperature
programmed desorption (TPD) from various coverages of
CO, CH4 and H2 on a prototypical copper treated surface
(LASE-Cu). The data here collected are not enough, by
themselves, to conclusively address the vacuum compati-
bility of LASE in cryogenic vacuum. Many more studies
will be required also to qualify LASE “dynamic” vacuum
behavior. Its study implies addressing LASE electron-,
photon- and ion-stimulated desorption (ESD, PSD, ISD). In
fact, all such phenomena will govern vacuum during the
accelerator’s operation and need to be carefully considered
and quantified. Once more experimental data are collected,
then simulations will be conclusively used to validate the

implementation of LASE in accelerators as it is, or if it
requires some more refinement and further optimization.
Then, the data here presented will be an important input for
such vacuum simulation programs. In fact, they can be used
to calculate the allowed temperature fluctuation range and
the relative amount of gas finally delivered inside the vacuum
chambers.

II. EXPERIMENTAL METHODS

Experiments were performed in ultrahigh vacuum
(UHV) in a μ-metal chamber at the “material science”
laboratory of the INF-LNF. The setup has been described
elsewhere [5,8,36,40–43].
In brief, UHV conditions are reached by a cryopump,

having Ar pumping speed equal to 1200 l=s. The system
operates in p < 1 × 10−10 mbar after bakeout. The setup
allows fast sample transfer in UHV, enabling untreated
samples to be inserted directly from air and studied without
suffering from thermal stress and modifications due to
bakeout. A close cycle He cooled cryogenic manipulator
allows to hold the sample at 15 < T < 300� 0.2 K.
As schematically shown in Fig. 1(a), the cold manipu-

lator can be moved and rotated to put the sample in different

(a)

(b) (c)

FIG. 1. (a) Schematic representation of the ultrahigh (UHV)
vacuum experimental setup. Pictures (b) and (c) show the dosing
configurations adopted in this study. Red labels indicate the
different components. (b) In the retracted position, the doser is far
from the sample (S) and secondary electron yield (SEY)
measurements can be performed during gas delivering. (c) Putting
the doser very close to the sample allows to reduce the back-
ground signal in TPD measurements.
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working configurations. The following operations can be
performed: (i) Ice growth.—A gas line is connected to the
chamber with a “home-made” gas-dosing system, ending
up with an ∼8 × 8 mm2 square (doser) which nearly
exactly matches the samples size. This doser has chicanes
to obtain a more homogenous gas flow on the sample
surface and can be inserted very close (less than 1 mm) to
the sample surface or retracted away from it. Different
positions of the doser are chosen depending on the experi-
ment, as it will be explained in the following sections. In
the configuration with the doser far from the sample, as
shown in Fig. 1(b), the gas reaches all parts of the cold
manipulator and, then, increases the TPD background
signal. This effect is effectively mitigated by dosing near
the sample, as shown in Fig. 1(c). In this configuration, the
gas adsorbed on the cold manipulator is significantly
reduced and so is the background signal in the TPD
measurements. Of course, when dosing in this configura-
tion, coverages cannot be directly inferred by pressure
readings but need to be calibrated. Here we do this
preliminary but fundamental operation by studying SEY
of Ar on clean Cu as a prototypical system. (ii) Secondary
electron yield measurements.—As said, SEY is here used
as a coverage calibration method. To perform SEY mea-
surements, the sample is irradiated by an electron beam of
the order of 0.5 mm2 in the transverse cross-sectional area,
emitted by an Omicron electron gun equipped with a
standard LaB6 cathode. The gun is placed ∼5 cm from
the sample and SEY is performed at normal incidence. SEY
is determined by measuring the primary electrons’ current,
Ip, and the sample drain current, Is, independently
[5,8,36,40–43]. SEY is then given:

SEY ¼ Ip − Is
Ip

¼ 1 −
Is
Ip

: ð1Þ

Ip is measured by a home-made Faraday cup that can be
moved in front of the e− gun. The Faraday cup collector is
positively biased (Vs ¼ 75 V) in order to prevent back-
scattered reemission to vacuum. To confidently measure
SEYup to low impinging electron energy (few hundreds of
meV), a negative bias voltage of Vs ¼ −75 V is applied to
the sample to determine Is [42]. For the present inves-
tigation, SEYmeasurements were performed using electron
beam currents of a few nA to induce minimal electron
desorption or conditioning during data acquisition [41].
(iii) Thermal programmed desorption measurements.—
TPD investigations are performed by using a quadrupole
mass spectrometer (QMS, Hiden, HAL 3F PIC) while
heating the sample with a rate of 0.005 K=s. A resistive
heater controlled by a diode is used to increase the
temperature. TPD curves are given in molecules (or atoms,
in the case of Ar) per unit of geometrical area, which is
independently from surface morphology. The conversion
from counts (given by QMS) and molecules · cm−2 · K−1 is

made possible by assuming that, in the coverage range we
consider, when dosing on the polycrystalline flat sample,
the sticking coefficient is unity. As shown later, this
assumption is very reasonable for Ar, CO and CH4.
Then, after a calibrated dose of 10 L of gas on the flat
polycrystalline surface (1 L ¼ 1.33 × 10−6 mbar · s), we
have ten monolayers (ML) of gas adsorbed on the surface
and the integral of its desorption has been used to calibrate
the mass spectrometer. Literature results [44–50] show that,
for the gas types here considered, we can assume that 1 ML
contains a number of molecules (or atoms) per cm2 of the
order ∼1015 � 10%. In this way, when we desorb 10 L of
any gas dosed on the flat surface, the integral of the signal
coming from QMS accounts for the desorption of ∼10 ×
1015 molecules (or atoms). This calibrates the QMS,
independently from the surface morphology. All desorp-
tions are done in well controlled and reproducible con-
ditions and in a regime where the signal read by the QMS is
linear with the amount of gas. Pressure has been corrected
scaling the gauge readings for the sensitivities to the
different gas species. As explained later, only the TPD
from H2 cannot be scaled to numbers of molecules and will
be given in partial pressure, maintaining only a qualitative
value.

III. MATERIALS

Two categories of Cu sample were investigated, having
dimension ∼8 × 8 mm2: a sputtered clean “flat” Cu sub-
strate and a representative sample from the LASE-Cu
material family. (i) poly-Cu. The flat polycrystalline Cu
(poly-Cu) consists of Oxygen-Free High Conductivity
(OFHC) copper substrate. It has been atomically cleaned
(as proven by SEY) by repeated Arþ sputtering cycles at
∼1 keV, to have a reproducible surface for calibration and
comparison purposes. This cleaning procedure does not
alter the surface roughness, which is and stays about 50 nm,
as estimated by AFM measurements. (ii) LASE-Cu. The
LASE-Cu sample was treated by laser ablation surface
engineering by R. Valizadeh et al. at the Science &
Technology Facility Council (STFC). It consists of a
OFHC copper sheet, of some hundreds of microns, cola-
minated on stainless steel and then laser treated [15]. The
sample surface morphology has been probed at LNF
facility by scanning electron microscopy (SEM), using a
SNE-3200M tabletop SEM. As shown in Fig. 2, LASE-Cu
surface is characterized by an inhomogeneous submicro-
metric highly porous network having a coral-like structure
of agglomerated nanoparticles. SEM images confirm that
the sample here analyzed is morphologically congruent to
other similar studied LASE samples [14,15,22,36] and has to
be considered a relevant reference sample for the category.
In this study, TPD of 10, 25 and 50 Langmuir (L) of

CO and CH4 are reported, together with the TPD of 100 L
of H2. Ultrapure gases (≥99.9999%) from low pressure
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(12 bar) bottles were all delivered through a UHV com-
patible gas line (base pressure p ≤ 1 × 10−7 mbar) con-
nected to the measuring system via a calibrated leak valve.
During gas dosing far from the sample, as in the configu-
ration shown in Fig. 1(b), the pressure in the measuring
system was always maintained pfar ≤ 5 × 10−8 mbar;
while, when dosing close to the sample, as in the configu-
ration shown in Fig. 1(c), the pressure in the measuring
system was always maintained pclose ≤ 2 × 10−9 mbar.
The desired doses were then chosen varying the “exposure
time” to the surfaces and were defined with an accuracy of
�10%, as given by the accuracy of pressure readings.
In all cases, the specific gas was delivered on the

substrate held at 15 K. The dose region under consideration
allows us to investigate, for the flat sample, the so-called
“multilayer regime,” where the interaction between the
substrate surface and the adsorbed gas can be ignored.
Moreover, this is the typical gas coverage range expected to
occur in long exposures to residual vacuum in an accel-
erator cryogenic environment [39].

A. Determination of coverage
for the flat poly-Cu sample

When dosing near the sample, as in the configuration
shown in Fig. 1(c), coverages cannot be given by “pres-
sure” × “exposure time” since the gas impingement rate on
the substrate is not the same as the one on the pressure
gauge and mass spectrometer. The SEY technique has been
identified as a precious method to calibrate coverage in the
regime explored in this work. For this purpose, an inert gas
like Ar was dosed far from sample [as in Fig. 1(b)] on the
flat substrate (poly-Cu) and SEY was measured versus
coverage. In this configuration, the gas dose measured by
the pressure gauge is the same as the one “seen” by the
surface. SEYof a flat Cu surface is strongly sensitive to the
presence of Ar overlayer onto the surface and its value
clearly and steeply depends on its thickness [36,51].
Figure 3(a) shows SEY curves as a function of Ar dose

on the flat poly-Cu sample, from bare (0 L) to 135 L. In this
coverage interval, SEY clearly increases with coverage.
Reporting the SEY value at 900 eVas a function of Ar dose
[Fig. 3(b)], a clear linear trend is observed, and can be fitted
by the following function:

δ900 ¼ δ900Cu þ a ·D; ð2Þ

where δ900 is the SEY value at 900 eV, δ900Cu ¼ 1.2 is the
SEY measured at 900 eV from the bare poly-Cu sample, D
indicates the Ar dose, in Langumir, and a ¼ 0.1513�
0.0012 is the coefficient obtained from fit. As shown by the
cross symbols in Fig. 3(b), within an uncertainty of �20%,
the trend observed in this dosing range is in agreement with
the SEY value at 900 eV extrapolated from the curves

(a) (b)

FIG. 2. (a) and (b): Scanning electron microscopy (SEM)
micrographs, acquired with different magnifications, of the
LASE sample under investigation [36].
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reported by Cazaux et al. [51]. Without entering into the
physics governing SEYof noble gas layers condensed on a
Cu substrate, it is clear that we can use this experimental
evidence to calibrate our doses when the dosing is
performed near the sample.
After dosing Ar close to the flat poly-Cu sample, as in

the configuration shown in Fig. 1(c), SEY directly gives the
thickness of the Ar ice condensed on the substrate with an
accuracy of �20%. Therefore, we can establish the
proportionality between the pressures measured by the
QMS and vacuum gauge, and the effective pressure seen by
the sample. It is reasonable to assume that this ratio is
independent from the used gas and, therefore, we can
calibrate all doses with an accuracy of �30%. Even if we
lose some accuracy in the dose estimation, this method
gives us the possibility to perform all the TPD experiments
with the desired low background signal.
The equivalence between the dose (given in Langmuir)

and the ice thickness (given in monolayers) cannot be used
for LASE-Cu. Clearly, the thickness of an Ar layer is
significantly different on the porous and on the flat
substrates, even for nominally equal doses. Moreover,
the assumptions that the Ar pressure seen by the flat
surface is homogeneous in all the porous fractals and that
the sticking coefficient, for the LASE-Cu, is homo-
geneously 1 are certainly not valid. Therefore, the number
of molecules (or atoms) adsorbed onto the LASE-Cu may
depend on the actual sample nanostructure and coverages
on LASE-Cu result ill defined. Here, the Langmuir unit is
used as the only common variable for both cases.

IV. RESULTS

Figure 4 shows the TPD curves obtained monitoring in
UHV the desorption of 10, 25, and 50 L of CH4 dosed on
the poly-Cu (a) and LASE-Cu (b) sample. The curves are
normalized as discussed in the experimental section. A
sharp peak at T ∼ 35–39 K characterizes the desorption
curves of CH4 on the poly-Cu sample (a). The peaks have a
full width at half maximum FWHM ∼ 4 K. In agreement
with previous literature findings [52,53], this single peak
corresponds to the desorption of a condensed thick CH4

layer. When CH4 is dosed on the LASE-Cu substrate, the
TPD curves are characterized by a dose-dependent broad
profiles. Together with the sharp CH4 desorption peak at
T ∼ 35–39 K, a wide component appears in a temperature
range between ∼50 and ∼100 K with a maximum around
70–75 K, depending on the dose.
In Fig. 5 the TPD curves of 10, 25, and 50 L of CO are

reported. Panel (a) is referred to CO on the poly-Cu
substrate, panel (b) to CO on the LASE-Cu sample. The
desorption curve of CO on poly-Cu consists of a sharp peak
at T ∼ 28–30 K, with FWHM ∼ 4 K. This peak is charac-
teristic of the desorption of a condensed thick CO layer
[52–54] and its temperature is determined by the Van der
Waals interaction energies between CO molecules [37,55].

The TPD curves of CO on LASE-Cu (b) are characterized
by composite features, extending from ∼50 to 140 K and
with maxima between∼70 and ∼110 K.Moreover, after 25
and 50 L, the CO desorption at T ∼ 28–30 K is also
observed.
Qualitative TPD curves obtained after dosing 100 L of

H2 on poly-Cu and LASE-Cu samples are reported in
Fig. 6. No signal is observed if H2 is delivered on the flat
substrate. This is expected since at the temperature and
pressures at which we dose (T ¼ 15 K and p ∼ 10−9 mbar)
no H2 multilayer is supposed to stick on the sample [56].
Only below 3 K H2 can be found as a multilayer on a solid
surface in UHV [37,56]. On the other hand, a desorption
profile is detected if H2 is dosed on the porous substrate.
This consists in two broad contributions having peaks at
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∼60 and ∼90 K, both having FWHM ∼ 10 K. Figure 6
dramatically shows how the notions extracted from vapor
pressure data [37] can be misleading when the substrate is
porous in nature.

V. DISCUSSION

Thermal desorption properties of CO, CH4 and H2 dosed
on two Cu surfaces of different morphology have been
reported. For completeness, the data will be integrated with
the ones on Ar [36]. A common trend can be highlighted for
all species. This can be summarized as follows: (i) When
measuring TPD from a flat surface, a sharp peak is
observed for all species, except H2, since there, the sample
temperature in our UHV setup was not low enough to grant

any molecular sticking [37]. This single peak corresponds
to the desorption of a condensed thick layer of the specific
gas and its temperature is determined by the weak Van der
Waals interaction energies between molecules (or atoms, in
case of Ar) [37,55]. (ii) The desorption curves of all gases
and coverages from the LASE-Cu surface are characterized
by broad profiles. The range of temperatures and the shape
depend on specific gas and on dose.
Laser treatment not only increases the area accessible to

atomic/molecular species but its nanostructured morphol-
ogy determines a local increase of the adsorption energy for
atoms/molecules in correspondence of undercoordinated
sites and defects [57–60]. The desorption of the atoms/
molecules close to defected surfaces and/or trapped in the
pores of the LASE-Cu surface is shifted to higher temper-
ature. Therefore, also H2 desorption from LASE-Cu can be
observed, even if during the dosing procedure the substrate
is at a temperature higher than the one known to be required
for any condensation in UHV. This result can be compared
with a previous study by Moulard et al. [59]. Their
anodized Al porous samples were kept between 3.7 and
7 K during gas dosing. The temperature range in which we
observe the H2 desorption from LASE-Cu substrate is
different from the one reported by [59] for H2 on porous Al.
This can be ascribed to the different chemistry and micro-
porosity of the two samples.
A striking feature when looking at some curves [for

instance in Fig. 5(b) for the two lowest CO coverages] is
that the peak at higher temperature has more intensity than
the multilayer peak at lower temperature. Intuitively one
could think that the higher binding energy sites are in the
pores and more difficult to reach in the conditions of
reduced mobility at 15 K. A detailed discussion on the
driving forces governing the observed desorption behaviors
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is outside the scope of the present paper. A possible model
describing our observation can be found in Paldor et al.
[33]. Moreover, the peculiarities of the TPD curves here
reported could depend on the actual LASE sample under
examination, more than being a general property of all
LASE materials.
A more detailed analysis can be performed by looking at

the total gas desorbed from the surfaces during the thermal
cycles. The results are shown in Fig. 7 and are obtained
integrating each curve given in Figs. 5 and 4. Data extracted
fromArTPD curves shown in a previous publication [36] are
also included in Fig. 7(b). The areas are given in molecules
(or atoms) per cm2, following the normalization procedure
described in the experimental section. In Figs. 7(a) and 7(b),
it can beobserved that, for the flat sample (open symbols), the

area under the sharp desorption peak perfectly scales with
the gas dose, confirming that, in the coverage range under
consideration, the sticking coefficient stays constant and
close to one. On the contrary, the integrated gas quantity
released by the LASE-Cu during TPD still increases with
dose but not proportionally to it. A kind of saturation process
is possibly taking place, so that one could speculate that,
for this surface, we have a coverage dependent sticking
probability. This assumption could be qualitatively justified
by considering that, at the beginning, some adsorption sites
of the morphological complex LASE surface have a very
high sticking coefficient (close to one) and then, with
coverage, it gets reduced.
In Fig. 7(c), for each gas species and as a function of

dose, we report the ratio between the integral of the TPD
curves coming from the gas dosed on the two different
substrates. Some considerations can be done by looking at
the figure: (i) Independently from the gas species, the
integral of the TPD obtained from gas on the porous
substrate is always higher than the one related to the same
gas on the flat surface; it can be 10 times higher (as for 10 L
of Ar) down to 1.5 times (as for 50 L of CH4), but the
uptake (and consequent release) at equal doses is constantly
higher from the LASE-Cu. (ii) Independently from the gas
species, the ratio is not constant in all dose ranges under
consideration and it is higher at the lower dose; extrapo-
lation to even lower dose regimes, that are outside the scope
this study, could show much higher ratio values. (iii) The
results are quantitatively about the same for CH4 and CO.
The Ar trend appears qualitatively similar but the ratio
assumes higher values.
In the investigated coverage region, the ratio of gas

delivered from LASE-Cu versus the one delivered from
the flat surface is significantly far from the one expected
considering the actual surface aspect ratio that can be
derived from Fig. 2. This could be justified by the
occurrence of two different and concomitant effects.
To start with, we notice here that the LASE-Cu is an
“as-received” surface and, most likely, various air contam-
inants are already saturating most of its deep lying
adsorption sites. This can significantly reduce the actual
surface available for further adsorption. Also, the lowest
dose we deliver (10 L) is actually high enough to contribute
in reducing the number of effective adsorption sites. This is
why the area ratio decreases with increasing coverages
and why Ar, being an inert monoatomic species, gives rise
to a higher ratio, still decreasing with dose. Two extreme
conditions can be described: a perfectly clean porous
material and a material where all the pores and fractal
structures are filled by gas ice. In the first case, low dose
TPD ratio will be proportional to the area ratio between the
flat and porous surface. In the second case, gas adsorption
will take place as on the flat surface. From the data we
conclude that the investigated porous surface has a surface
capacity much below the surface aspect ratio and that the
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history of the LASE surface may play a role in determining
its desorption (and adsorption) kinetics. This is in agree-
ment with data by Paldor et al. [33] obtained by studying
the desorption characteristics of Xe from a flat and a highly
porous Si substrate. Also in that study, the initial Xe uptake,
close to be proportional to surface ratio, decreases on
increasing the gas dose due to the progressive occupation of
all available adsorption sites in the pores. At this stage and
concurrently, the contribution deriving from the thick ice,
which is forming on the topmost surface, starts to become
significant and independent from the substrate morphology.

VI. CONCLUSION

LASE surfaces have been proposed to be used in
accelerators to successfully mitigate electron cloud related
effects. Much work is ongoing to validate their properties to
be compliant to the many demanding requirements a novel
material have to pass before being proposed and used.
Among others, vacuum properties have to be carefully
analyzed to grant that their intrinsic porous nature, and
hence their significantly augmented active surface, does not
negatively influence their vacuum behavior. A first step in
this direction is presented in this work, where we review the
temperature dependent desorption properties of typical
gasses (CO, CH4 and H2) composing residual vacuum in
accelerators and in quantities expected to be delivered to
the surface during long term operation. On the flat Cu
surface, studied here as a reference, thermal desorptions
occur in a quite limited (≤4 K) temperature window and
at a specific temperature which depends on the adsorbate
specie. On the contrary, we show here that cryosorbed
gases desorb from a LASE surface in a much wider
temperature interval. Such large T window can extend
by more than 50 to 100 K, depends on the actual coverage
and, most probably, on the detailed surface nanostructure.
Then, what is here reported for the species under inves-
tigation has to be expected to occur for all gas. Also, the gas
uptake (and therefore released) from a LASE surface is
significantly more than on the flat surface, even if not as
much as could be expected just by considering the actual
geometrical surface. Varying porosity by varying LASE
production parameters may be an efficient way to optimize
TPD performances.
More than presenting trends and qualitative analysis,

care has been devoted to give quantitative estimates of TPD
signals. The data here reported will therefore help vacuum
scientists to properly estimate gas quantity fluctuations
during unavoidable temperature variations of the cryogenic
vacuum system. Simulations will be used to evaluate
whether such T dependent gas releases from LASE surfaces
are compatible with the machine normal operation or if
some additional care should be taken. To finally validate
LASE vacuum behavior in accelerators also nonthermal

mechanisms, like ion-, electron-, and photo-stimulated
desorption, should be carefully studied.
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