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INTRODUCTION

The phase diagrams of a monolayer of adsorbed gascs or light molecules on flat substrates
look similar to the phase diagrams in 3-dimensions (3-D). This means that the usual
coexistence regions, the miple point and the critical point are present as well in 2-dimensions
(2-D) as in 3-D L. The phase diagrams can be studied by adsorption isotherm or heat capacity
measurements, which reveal mainly the coexistence regions or the phase boundaries,
respectivelv. However, the substrate can not always be regarded to be ideally flat. [n many
cases the adsorbate does see the adsorption sites of the substrate and locks into u
commensurate phase (C-phase). In the case of graphite as substrate the (v3 x ¥v3) R 30°
overstructure is seen in many cases. This structure is shown in fig.1. The heavier rare gases
and the light molecules (N2, CDy4) exhibit the C-phase only if the lattice parameter of the
dense plane in 3-D is close to the nearest neighbor distance in the C-phase. This is the case
because the nearest neighbor distance nearly does not change in the densest plane if the
adjacent planes are taken off which means the dimensionality changes from 3-D 10 2-D. The
guantum gases however all show a C-phase in their 2-D phase diagram despite a much
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Fig.2: Phase-diagram of D~ on graphite [2].
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denser nearest neighbor distance in 3-D. This is due to the zero-point motion which gives a
repulsive contribution to the nearest neighbor interaction and consequently a high
compressibility to the system. Thus if as before the dimensionality is changed and many of
nearest neighbor atoms are missing the 2-D lattice expands. If in addition the corrugation of
the adsorption potential is added, the quantum gases recognize the dilute density structure of
the C-phase as the ground state.

The phase diagram of D2 on graphite is shown in figure 2 as an example of an adsorbed
quantum gas. The location of the phase boundaries has been determined by heat capacity
measurements 2. The definite allocation of the different phases to structures is given by
scattering techniques. In this case it has been done by neutron diffraction and LEED 3.4,

The inelastic neutron scattering gives additional information of the interaction between the
adsorbed particles itself but also between the adsorbate and the substrate. In particular
interesting is the search for the phonon gap at the zone center which characterizes the loss of
the translational invariance of the adsorbed layer in the C-phase. The transition from the C-
phase to the incommensurate higher density phase is characterized by different intermediute
phases as seen in figure 1. Theories of the commensutrate-incommensurate transition predict
domain walls in the transition region. In these domain wall phases the commensurate phase
is still focally present. Thus the study of the phonon gap will reveal interesting features.

EXPERIMENTAL

The experimental set-up is described in Ref.5. The sample consists of a stack of exfoliated
graphite sheets (Papyex) with a diameter of 2 cm and a height of about 7 cm. The surface
area is in the order of 200 m2. The graphite is a 2-D powder. Only the axis perpendicular to
the basal planes of the graphite shows a certain order of a mosaicity of about 30° FWHM.
The coherence length of the adsorbed layer is about 300 A in the C-phase. The basal planes
of the graphite are parallel to the scattering plane of the neutron spectrometer. For the
inelastic studies the IN3 spectrometer of the [LL has been used with a fixed final energy of
1THz and a Be-filter on the analyser end. The resolution across the elastic line was 0.03THz.
For the elastic studies ZYX-graphite was used with a coherence length of about 2000 A

The density of the adsorbate was controlled by adsorption isotherms. But also the highest
intensity of the Bragg-peak of the adsorbate in the C-phase as a funcrion of coverage at
constant temperature determines the best commensurate phase p=1. p=1 means that all
adsorption sites in the C-phase are occupied by adsorbed atoms or molecules. The definition
of p=1 with diffraction is within 2-3% identical with the p=1 coverage defined by the highest
melting temperature of the C-phase in figure 2. The small difference may be a real
temperature effect.

MEASUREMENTS
I. THE (V3 x ¥3) PHASE

The verification of the C-phase has to be done by diffraction. In fig.3 neutron diffraction
patterns are shown at various average adsorbate densities 3. The spectrum A at a slightly
overfilled C-phase shows the maximum intensity at a momentum transfer Q=1.702 A-!
which corresponds for a triangular lattice to 4.26 A, the nearest neighbor distance in the C-
phase (fig.1). All the spectra shown, the elastic and the inelastic ones, show difference
counts. The signal from the cell and substarte without adsorbate has always been subtracted.

The inelastic neutron measurements have been taken at two different momentum transfers Q.
The reason for that is depicted in fig.4 which shows the reciprocal space of the triangular
lattice of the C-phase. The scan taken with a Q=1.7 A~ collects all excitations with wave
vector q along the circle with radius Q with the help of the Bragg-points which are marked by
the vector t. These excitations with wave vector q have mainly transverse polarization and the
highest intensity is expected from the zone boundary phonons because of the high density of



states. If a phonon gap exists at the zone center a second high density of states is expected at
this point. As the 2-D powder avera lng crosses also the I'-points a second peak is expected

in energy in the scan with a Q=17

The scan taken with Q=0.85 A-1 collects the longitudinal zone boundary phonons due to the
2-D powder averaging (fig.4). So with the correct choice of the momentum wransfer different
modes can be separated even in a powder-like sample.

The scans with the different momentum transfers are shown in figure 5. The data points in
fig.5a (Q=1.7 A-D show clearly a double peak. The one at lower energies represents the
phonon gap, whereas the one at higher energies shows the collected transverse zone
boundary phonons. The scan with a Q=0.85 Al (fig.5b) shows only one peak which
results from collected longitudinal zone boundary phonons. The fit to the dara is a two
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Fig.3: Diffraction pattern of D7 on graphite in the C-phase and a-phase at various average
densities of the adsorbate; A) p=1.07, B) p=1.10, C) p=1.11, D) p=1.13, E) p=1.16, F)
?_ 17”?310) p=1.23, H) p=1.24, I) p=1.25; T=2K. The solid lines are fits with the model in
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cier ft. The adsorbate molecules are thouzht to be connected by

cwed

P ¥ v a net of
springs and each molecule is connected by a spring to the substrate 2. The model is a very
simple one and is not able to reproduce the clear separation between the phonon zap and the
transverse zone boundary phonons seen in the data (fig.52). But it is however interesting 10
note the difference in the spring constants. « is the spring constant between the adatoms and

Table 1: Parameters obtained from the fits characterizing the density of stues for the in-pline

modes of the C-phuse of the hvdrogen atoms adsorbed on graphite. [n parenthesis are given
the values of Ret.7.. Indicated are the following: z.c.gap is the zone center gap energy.
width is the width of the density of states, trans.peak and long.peak are the |
from the transverse and longitudinal phonons in the density of sties, respect
are in Kelvin (48 K = 1THz = 4.14 me V). (= The experimental data ot iy 2a
ot 433K for the trunsverse peak)

H2 HD D
ze.gap  47.3(36.0) 43,
width 27.5(42.1H) 14
trans.peak 37.9 (64.9) 4%
long.peak  71.4(83.8) 33.3

Table 2: Parameters that characterize the adsornate - graphite sy stem m the uNCHALT
- - ~ bl v 3 2 11 ' 1 i y

phase for Krll, CD, 12 Nat3, Da2  HD and Ha¥ and “Hel#, the adsorbites are ordered

increasing de Boer parameter.

3 The de Boer parameter indicates the quanwum character of the adsorbate,

b This column presents the width of the in-plane phonon densitv of states (DOS 1 Thes
values are not always easy 1o determine with inelastic neutron scuttering, singe
of the structure factor decreases with increasing energy.

¢ The phase diagrams of Kr, N2 and CD4 present a commensurate phase rezion that e

1o higher temperatures. when the total coverage is slightly higher than the commensuruie one
Details of the phase diagrams can be found inrefs.13, 16 and 17, respectinely.

TGN

s

Adsorbate | Mass de Boerd | Lennard Jones pmamcu Gap energy | Gaprane | DOS width? Melting
la.u.] | parameter ¢ [K] oAl | |K] Smeay/Scaic K] Temperature

Rr K1 010 1651 363 i 10 RS
CDs 200 0.7 1370 3681 14l 0.9 4 | -s&
N2 R0 047 156 331 NERS LT ] | R
Dy a0 T.26 P 208 00 .1 IR LS
HD 30 147 359 19% LD L1 ] ] 193
Hy 2.0 174 36T 190 1 ary KU =3 [ 0
Sie X0 10 10.2 256 | 109 T 20 | Y

B the in-plane one between the adsorbate molecule and the substrate at the adsorption site. u
has been determined 10 0.016 N/m and B 10 0.182 N/m. The ratio is about 1/10. This sl
rauo is equally well seen in the rather flat dispersion in fig.o. Thus the molecule exhibits
nearly “Einstein behavior” ©, but the influence of adatom-adatom interaction is still visible
through the dispersion. Calculations 7 are in good agreement with the value of the energy of
the phonon gap, however the adatom-adatom interaction visible by the width of the density
of states is still by a factor of 1.5 oo small (see table 1). This indicates that probubly not the
parameters art the minimum of the interaction potential have 1o be modified but the shape of

this potential at a larger intermolecular spacing due to the increased intermolecular spacing i
the C-phase,




The effect of the isotope mass can be probed by using in addition to D> also HD and My s

adsorbate 8. The spectra are shown in fig.5¢ and 5d. Both spectra make use of the
incoherent scattering cross section of HD and Hy. The calculated density of states is seen as
a solid line in the lower part of the figures. The line through the points is the density of
states folded with the resolution of the instrument. The characreristic values ot the dispersion
relations are summarized in table 1. The same model as described for D2 has been applied 10

the other isotopes. The theory 7 describes well the isotope shift which is not only due 10 the
different mass but also due to the anharmonicity of the potentials. The isotope etlect is seen
with decreasing mass as well in the shift of the phonon gup to higher energies as in an
increasing width of the density of states. As with Do the width of the density of states is
wider by the same factor 1.5 (table 1).

The C-phase has also been detected for other adsorbates and a collection of 2ap energies and
widths of the density of states is given in table 2 919, The gap energy is related to the
curvature of the corrugation of the in-plane adsorption potential at the adsorption site. The
agreement between theoretical calculations of the gap energy and the measured values is
indicated in the 7th column of table 2 7:9:10.18  The effective curvature is influenced by the
movement of the atoms or molecules in the adsorption potential. All the quantum gases are
governed by the zero point movement, so that the gap stays nearly unchanged up to the
melting temperature of the C-phase. Kr and CDy4, however, show a lowering of the gap
energy by a factor of 2 when the temperature is raised to the melting.temperature due to the
enhanced mean-square displacement of the adsorbate and the anharmonicity of the adsorption

potential 9.19:20,

Also the width of the density of states exhibits the difference between the quantum gases and
the heavier gases. The quantum gases show a smaller width of the density of states, because
the nearest neigbor distance in the C-phase is increased with respect to the one in 3-D. This
leads 1o a lower interaction between adsorbate atoms. The heavier gases show more
interaction, because the nearest neigbor distance in 3-D matches the one in 2-D. The high
value of 3He should be taken with care. On one side the very high zero point motion may
allow for a higher adsorbate-adsorbate interaction, but on the other side we are not absolutely

sure about the interpretation of the data 14,
1. THE COMMENSURATE-INCOMMENSURATE TRANSITION

Once the inelastic signals are understood in the C-phase the adjacent phases can be
investigated. This will be described first for the a-phase. In fig.3 several scans are shown
taken at different coverages and constant temperature. They follow a path from the C-phase
into the a-phase (fig.2). The diffraction peak shifts with increasing density to higher Q-
values according to the compression. At the same time satellites are moving outwards from
the main peak. The feature around 1.88 A-1 s the (002) graphite peak, which is due to an
interference phenomena. It is of no importance for this study and cuts unfortunately out a

Fig.7: Striped superheavy domain wall model for Dy on graphite {3].
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certain region in Q, where the signai of the adsorbate is not observable. The fit to the data has
peen done with a model of striped superheavy domain walls 34 which is depicted in fig.7.
For a more detailed discussion the reader is referred to the Refs.3 and 4. It should only be
mertioned that the crosses in {ig.7 represent the motecules still in the commensurate position.
The filled circles mark the molecules in the domain walls in an ideal position. However they
are 100 close and a certain relaxation indicated by the arrows takes place. In the applied model
the distance between the domain walls has a distribution which depends on the domain wall
density. The width of the domain walls is fairly small. It extends only across 4 rows of
molecules. This is again due to the high compressibilty of the 2-D quantum gases as
mentioned in the introduction.

The 1nelastic studv of the domain wall sorucrare is shown in fig.8 21 The top two speca are
taken in the C-phase and show the phanon gap and the transverse zone boundary phenon
one peak due to the retaxed instrument resolution (0.06 THz) used for these sc

average density is further increased the a- phuw is entered (see fig.2) and the sign:
THz siarts o decrease. This is understood as due 10 the amount of the molecules ir the C-
phase decreasing due to the model of the domain wulls. At the same time a signal a about
0.6 THz appears which finally at p=1.25 ig the only signal 10 be scen. This signal autributed
10 an excitation of the domain walls ie sull o be cu.culated. li s bestat the densest a-phase
(p=1.25, see (ig.2). T'his is a first example of the uscfulness of the inelastic stdies 0
complete and to understand the events in this phase diagram.

The fellowing scans in fig.§ show that in the region between p=1.30 and p=1.33 the signals
in 0ot be any more resolved probably due to too many different excitations in this phuse
which was modeled by a hexagonal heavy domain wall structure 34, In the region beyond
the density of p=1.33 the inelastic response changes again and indicates the pure transverse
zone boundary phonon of an incommensurate 2-D solid.

The next object to study is the 8-phase. In fig.9 diffraction patterns ure shown tiken at
constant coverage p=1.16 as a function of temperature 3 At T=2K and 5K the alreadv
known satellite structure of the a-phase is seen. which could be modeled by

superheavy domain walis. For higher temperatures than the o~ transition (1
spectrum looks like a liquid structure factor in particular if the emperature is
structure of this "reentrart tiquid™ was not known. but got new interest because this |
seems 1o be separated from the normal 2-D liquid by very broad peaks in specitic i

l

{fig.2%. The inelastic neutron measurements are shown in fig. 10, They have also been wken
\\Hh the rcl.n\ed rc<oluli0n (ﬁf_' 8. 30 ag "-.in V}.L C\'cim'iowx‘ of ii‘c commensurate parts

ke

dom 1in wulls. Hcr» 110 chdngc n lhe .\peurum Is seen it the 1e1.1;7~;r.uurc crosses the u-3
transition at 7.2 K. The consequence is that the domain walls do still exist in the 3-phuse
because the excitation belonging 1o them are still visible and also the excitations rom a
commensurate phase. The soletion for 1 siructural preture is 10 introduce patches of i
walls as depicted in fig. [ 1. This model still allows for the irclastic features and the struc
factor. seen as inset in tig. I 3b, firs the data. This is a proof that the ;_SA;»J‘.;:&&' i85 o disc
domuain wall phase. The evolution with temperature can e neodeled by shorter and shorrer
domain walls until meling around 20K. Perhaps m unhmd ng of domain walls can be

3

treated in the class of Kostertitz-Thouless transitions =23,

The phase diagram of the monolaver of the heliums adsorbed on graphize wre similsr 10 the
ones of the hydrogens in that .a pronounced C-phase shows up with u iransition :o the
incommensurate phase probably via a striped superbeavy domain wall phase 2426 We
present here the identification of the domain wall (D) phase of *He s a striped superhes

demain wall phase.

Intig.12 the explored coverage range between (103 and 0335 atomy/AZ of 3tle on eraphite is
shown. The density of the adsorbed layer can be calculated from the diffraction peith
positien if a homogeneous triangular lattice is assumed. The first five points in fig 11 show
all the same ordinate of 0.0636 at/A2. the density of the C-phase. The abscissa’s calibration
(the o1ai number of adsorbed atoms on the surface of the sample) is given by the amount of




Fig.11: Model for the B-phase. It is made up of patches of the o~phase siructure [3b]. The
insct shows an overlay of a measured spectrum in the B-phase (spectrum ¢ in fig.9) and
calculaied one using the sgucture from the same figure {3b] -



3He that produces the highest Bragg-peak intensity within the C-phase. This detines the best
C-phase: all adsorption sites of the C-phase on the "rnphile are occupied by an adsorbute
atom. This calibration was first made with D2 on graphite 3 and defined a value of 14.31 cc
(STP) of gas. This agrees with 3He, despite its low scattering power and high neutron
absorption cross section.

The straight full tine in f1g.12 through the best C-phase point and the origin does not match
the points in the [Cl-phase. This shows clearfy that the calibration of the C-phase and ol the
incommensuorate (IC1) phase do not coincide. One possible explanation is that the effective
surface area of the C-phase is smaller than the one of the [C1-phuse. Another possibility may
be that in the ICI-phase atoms are additionally adsorbed on other planes than the basal ones.
The calibration of the ICI-phase is shown in fig.12 by the dashed line, which does not pass
through the origin. The differeace at monolayer completion amounts already 10 6%

The deduced densities in the D-phuse (fig.2) show a behavior that is equivalent o the case off
D> 3 which has been identified as a striped superheavy domain wall phase. The much less
tavorable scattering conditions of “He with rcs‘p;ct 1o D2 made it impossible 1o measure any
satetlites. However. the characieristic coverage dependence n e 12 08 o proot that this
domain wall phase exists as proposed by heat capacity measurements tor He 23 The
density deduced from the diffraction peak position does of course not representany more the
real density of the laver, but serves just for visualization, The densest stage is res nm when
the superheavy walls are separated by one row of WOMs I commensuralc posttion {7) ax for

D3

I FHE SECOND ADSORBED LAYER

For the helium isotopes. the second adsorbed laver is less d
contrast to the hydrogen isotopes =%, where both lavers have ¢
adsorption potential and the enhanced A,m point mu(im‘. of the !
visible in the Jow density of the second laver. Under the pressure of the second laye
density of the first luver increases slightiy and I.n.*.H_\' locks into a =X and 979 averstruciure
for 3He and *He . respectively.

atoms " re i

The second tayer promaotion is evidenced as a sharp knee betne
fig.12. The increasing pressure ot the second layer on the first ¢
compression of the first laver. seen by the small slope in the 1C2+
slightly towards the S-phase. changing over to a zero slope at (0
density of the first laver (L1106 ¢ ) corresponds to an 8¥8 oversuucture with respect (o
the graphite, having 37 awoms per unit cell. The approach o this clear lock-in is marked in
the S-phuse by some diffraction peaks, whose lhm shape iy better deseribed by a double
peak. This splitting is shown in the inscrtof fig. 120 [t can be in distortion

of the unit cell due 10 a one directional registry with the subst
for two pomtx with the 4%4 lattice Spe weing an d for one point with the
the pure 8%8 oversiructure is reached.

’1L uces a I‘II‘
s slope iner
At this point the

one, I‘ fnu tin:

The diffraction of the second laver isell couid be seen only at higher coverages around 1
wtal density of 0.3 avA2 (fig.12)

Similar features in the bilayer region are seen for 4He on graphite in fig.13 30 For intensity
reasons the signal from the C-phase could not be seen. Thus only the peak positions from
the 1Cl-phase (see fig.12) appear at low densities. For the same reason we could not
calibrate the x-axis on the best C-phase as was done in fiz.12. Thus the x-axis is in squ
oot of the amount of the filling. The substrate used is Papvex with a coherence length of
abow 350 A But in addition the data obtained with ZY X-subsirate (coherence Jegth about
2000 Ay are shown in fig. 13 with a rescaling at the monolaver completion for the \-axis.

<

Again the second laver promotion is evidenced as a sharp knee at a density of 0,112 /A~
(3He a1 0.106 a A% in fig. 12) and the increasing pressure of the second kiver induces a small
further compression of the first layer At a filling of 19 ¢c3/2 the first laver locks into an
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overstructure with respect 1o the graphite. This time it is the 9¥9 overstructure for the ZYX-
substrate. For the Papyex a splitting of the diffraction peak is observed, which indicates a
one directional regisry with the substrate induced by the small coherence length of this
substrate.

The second layer diffraction peaks become visible at a filling of 19 cc3/2 and a compression
of the second layer density is seen with the third layer promotion in fig.13.30

IV. THE 4HE FILM

A “#He film on graphite is composed of iwo solid layers adjacent to the subsirate (below 2K)
and subsequent liquid layers (see e.g.Ref.13). So the liquid 4He film has iwo boundaries,
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Fig. ! & Intensities of the bulk signal (+) and the interface signal (e) at the energy of 0.6 meV
as a function of coverage (4He on graphite powder 31). The signal at a coverage of a
monolaver and at 2.6 layers is marked by (¥) (it is a constant background ') T=(1L.8K.

the solid-liquid one and the liguid-gas one. Excitations can propagate alony these interfaces,
which are the freezing-metting wave 29 and the ripplon 30, respectively. Any excitation with
a dispersion like a freezing wave could not yet be measured with neutron scuttering. But in
addition 1o the signals arising from the bulk 4He some modes could be detected which have
20 dispersion (the energy does not change as a function with wave vector), These modes (ut
0.4 meV, 0.6 meV...) are localized at the solid-liquid interface because they sull exist i the
sample cell is completely filled with helium (this means thai the liquid-gas interface is
supnressed) 31, On the oiher hand these modes disappear between a coverage of 2.5 and 4



layers as shown in fig.14. This range has unfortunately not been investigated in more detail.
But for coverages beyond 4 the intensity of this mode does not increase as function of
coverage in agreement with the explanation that it is bound at the solid-liquid interface. These
modes can be taken to explain the high transmission of phonons through the interface
between a soilid and liquid helium (Kapitza-resistance). In contrast the bulk signal increases
linearly with coverage. It extrapolates to zero at a coverage of 5 Jayers. This indicates that in
addition to the two solid layers three liquid layers do not contribute to superfluidity, if
superfluidity is connected to the measurability of the phonon-roton dispersion curve. This
statement will be refined for the 4He film on Payex-graphite, which is described in the
following.

At the second interface a ripplon should be visible. Indeed it could be measured 31-33 yng
shows the dispersion expected from theory 30. The auribution of this mode to be a ripplon
was strengthened by the fact that this mode disappears if the liquid-gas interface is
suppressed by filling the sample cell completely with helium. This is visualized in the figs.
15 and 16. In the figures the different colors indicate the behavior of the intensity as a
function of energy and momentum transfer. It is clearly seen in fig.13 that besides the
intensity on the phonon-roton curve there is intensity on an energetically lower lying branch.
This branch coincides with the calculated dispersion of the ripplon using the parameter set in
Ref.20. The agreemeit is very good, it seems to be so even up to 1.3A-1. Atstill higher Q
the roton intensity combined with the one of the flat modes becomes 1o high to distinguish
the ripplon signal. This good agreement allows to say that the temperature dependence of the
surface tension is really based on an experimentally verified dispersion relation. Ic still
remains to prove the modified parameter set <0 by a theory.

In fig.16 the result of the completely tilled sample cell is shown. In the region where the
ripplon should show up, the colors are the same as in fig. 13, Onlv near the phonon-roton
tntensity and the flat bar due to the multiple scattering 3132 the atribution of the colors to
intensity has been modified. Thus this figure shows that no signal of the ripplon intensity is
visible in fig. 16 the filled cell data, although below 0.7 A-! it would have been
distinguishable from the overwhelming quasi bulk phonon roton intensity. This
disappearance proves that the ripplon signal is really bound to the gas-liquid intertuce,

The fig.17 shows the evolution of the signal height of the ripplon with coverage. Again the
saturation shows that this mode is bound to an interfuce. It becomes visible above 3 lavers
(two of them solid ). Like in fig.14 the evolution of the bulk signal is exhibited. The
extrapolation is made only with coverages below 3 layers. This shows that the bulk signal
disappears at about 3.5 layers. There is no discrepancy  with the dependence in fig. 14
because here in fig.17 the scale is much finer and in principle a lingar tail of the bulk signal
height as a function of coverage is seen. (A rough extrapelation from still higher cover
extrapolates to about 4.5 Jayers in agreements with fig. 14.:

In conclusion it has been shown that a lot of information can be drawn from adsorbates even
on powder like graphite substrates using elastic and inelastic neutron scattering, These
studies give insight into the dynamical behavior of the adsorbates in the commensurate phase
tiself. but which is also very valuable for the modelling of 2-D phases in the demonsirited
case of the commensurate-incommensurate transition. All the adsorbed quantum gases have a
commensuriate-incommensurate transition, where the striped superheavy domain wall phase
appears as intermediate phase. This domain wall phase shows again phase transitions as a
function of temperature which implies the creation of shorter pieces of domain walls. The
evolution of the first layer structure is demonstrated towards the densest monolaver and
under the pressure of the second layer. Due 1o the second layer pressure the tirst layer of the
helium show overstructures with the substrate. In particular interesting are the interface
excitations of an *He film. At the solid-liquid helium interface localized excitations could be
detected and at the liquid-gas helinm interface the ripplon could be measured. Thus an
overview has been given what can be measured with neutron scautering in the case of
adsorbed quantum gases on graphite rang2ing from a submonolayer w a film.
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Fig.15 (top)and 16 (bottomn): Intensity along the phonon-roton curve and along the ripplon
curve in the energy-Q planc. The intensities originately displayed as different colors are
visuulized by the graduation from white to black,which marks the highest intensity (e.g. at
the roton minimum in fig.15). Fig.15 shows the signal from 5.06 adsorbed layers on Papyex
and fig. 16 the signal from the completely with #He filled sample cell. In both figures the
phonon-roton curve of bulk helium is seen as a black line as well as the ripplon dispersion.
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Fig.17: Intensities of the bulk signal (o) and the ripplon (e ) as a function of coverage (4He
on Papyex-graphite); T=0.6K.
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