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INTRODUCTION 

The phase d i a ~ a r n s  of a monolayer of adsorkd gases or light molecules on flat substr;~te.i 
look simiIar to the phnse diagrams in 3-dimensions (3-D). This means that the usuaI 
coexistcncc regions, the cripIe point and the criucnl point are present as =ell !n 2-dimznsions 
(2-D) as in 3-D l .  The phase diapnms can be studied by adsorptiotl i ~ o t l ~ c r n ~  or hear ctrpaci~y 
mensrirements, which reveal mainly thc coexistence regions or the phlse houndnrizs. 
rerpcctivety. Hotr,ever, the stibstrare can not alwa!.s be regarded to hc idc:ally t7nt. In :::::c!. 
cases the adaorb:ite docs scc rhe adsorption sites of t h e  s u b s t r a : ~  i11.d locks in :o  .i 

comrnznsurrltc phnse (C-phase). In  !he case of gr:iphite as subs~clrz ;kt I-. 3 u h i )  ti 70' 
overstnlcturc js seer1 i n  many  cases. This srrucrurz is st~ovrn in fiz.1. Ttlc %a\ is: n:c ;;lses 
and the lizhr molecules (K?, CDq) e x h ~ b i !  the C-phase only if thc Inrticc par;irucrc.r of :hc 
dense p1:tne H I  3-D 11 dose to the nexesr neighhor distance i n  the C-phwt This i., rhz c>\e 
becau.;c the nearest r>ei;hbor d i s t a~~cc  t~early does not change 111 the dr:~,cst p1;tnc i f  rh,: 
adjxccnt pl;~nes are taken off wlilct~ mcr?ns the dinlcn\inn;ility ctlnnges f r r m  3-D io 2-0 The 
quantum gases ho~bever all show a C-phase in rheir 2-D p h ; ~  d i a f r . ~ n  despite a rnuct~ 

* .  Ruid pbve  

Fig.1: LTodel of the commensurate (43 x 
43) R 30" overstructure on graphite. 
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denser nearest neighbor distance In 3-D. This 1s dric to the zero-po~nt mottcslt mhicti ,n~vc*; ;I 
repulsive contribution to the flearest neqhhor ~ntcsnctrtm and conrc~luetrtly a Illqh 
compres\ihiI~ty lo the system Thus if as hefore the dirnens~on:~lcty 1r chanced anti iiiariy nf 
ne:lrcct ne~ghbor atom% are missmy the 2-13 lattlcc expnnds. If In addlrlon the corru::,irlnlk of 
tlie ;~d~orption potentla1 is added, the quanttlnl gnscs recognize the dilute drl~stry struvtLlrt nf 
thc C-phnce as the ground stare. 

Thc phasc diayrarn of D? on graph~te i? shown i n  figure 2 sc nn cu:trr~plc of an :td\o~lwd 
quantum gas. The locnnon of lthe phnse houndane~ h:ls been dtrerni~rrcd hv  he,^^ c : ~ p . ~ ~ . ~ t y  
me.~\urements 2. The definite al1oc:ttion of the different p hrirzs to \rrrlc tureq i c  given hy 
scattsring techn~ques. I n  this case it has been done by neutron dlffractlor~ snrl LEEI) 3:. 

The inelastic neutron scatresin: gives additional inform;ltion of the i[~tcmctinr~ kt\recil ~lre 
adwrhed panic1c.s itself bur alro between the ndsorbnre and ths suhctriuz. Iri ~>nrtiuu[;~r 
intcrestiny is the search for thc phonon gap at the zone center whicb cl~:~r:icrcrizes thc lo.;.: r>E 
!he rr3n~lation31 invarinnce 0:' the atlcorhtd layer in rhc C-pha.;t.. Thc tr:lnsirLori frnm rhc C- 
ph:~se to ~lle incomrnens~~nre higher dcnsity phnsc is cftiirnutzri7ed by clif't'er-'rjt intcrnlc.di;t~e 
ph:~szs as seen in figurc I. Thenries of the commcnsurrate-incorllrncncur:ltt: tr:~risition pl~.d~ct 
dornain walls in the transition region. In lhese dortt:~in u:~lk ph;~.;cs rhc co1nrnerIsur:tte 1>11:1\r 
is ctiE[ locally present. Ttius the study of tbe phonor~ yap will revc:~l inter-estiri; fenrr~rcs. 

EXPERIMENTAL 

The esprrirnent:rl set-up is desur~hed in Rcf.j. The sample vnnsiyts of :i stack of cufnli:~~cr! 
grr~phite sheers (P:ipye\;) with :I dinmcter of  2 cnl :~cd :i height nf ~ b n t : ~  7 cnr. Tht s!:rf::i.< 
are:l is in rhc ortlcr of 100 nl. The ~raphite i s  a 2-D puadcr. Orily the :!.cis pcrpcndicul:~r to 
thz h:ts;~l pliines of [lie graphite shoups a ccrtain order of ;I mv.;:~icity of :lbnul 30' FR'l-f\l. 
The coherence Icngth ot tlie adsorbed In? er i c  a h l r  300 :L i n  ttw C-yh:~se. Tilt k!~;11 711:!:1~.; 
of the gr:~pliite ;Ira par:~llel 10 the sc:~tteri~i; pl:ine of rl~s neulron clltcrmlllrter. For t l~c 
inc[:~cric studies the IS? spectrnmctcr of thc ILL [).IS k r ~ ~  use;! tr.1:1> ;I Ll\r.cl t'ir!::l rnrr;! o f  
ITFll. and ;I Bc-filter on the arl:~l!.ser cr~d. l 'hr  resollu!~on :irrx.i :he r.!.t\r~c lirir \v:I.; 0 0.7 11,. 
For- [he el:~rtic st~rtlies ZYX-~r;l]lhite wzts used w i ~ h  :I cotlrrrl~ce Icllgrli nt':tbnrrr Il)Otl .&\. 

Thr density of the adsorbste w3s co~~trolled by ;~r!corptiori isothc~.nl>. I E r t r  : ~ l \o  tlie hislrc\r 
ilitcrlcity of the Rragg-peak or the ;1dsorh:11e in tlrz C-ptr;tsr: as :L fil:~ct~url OF co\.c::l;c. :TI 
coll\r:int tempernture rtt~zrmines thr k s t  cmmrnrnsur:1:e pha\s p=l . p= I nlc:ln< t h ; ~ ;  : ! I 1  
advrptiori sites i n  [he C-phase :Ire occupied by adsorbed ;lmnls or nrolc.culer. 'fhe dz!irlltinri 
of 1 p = 1  with difFr:lction i s  w~thiri 2-3r: identic:il with the p= l  covcr:lge dct:rierI t>y the hiyt:c<r 
m:lring ternper:ibure of the C-phase 11) iigtlre 2 .  The smrlll dii:;.rzrrce elxrq. he :I re:ll 
ternperaturc cffcct. 

MEASUREMENTS 

1. TIIE (43 x 43)  PHASE 

The verrficntion of the C-phn~e  ha5 to be done by difl'r:~crion. 111 fig ,: netjtrorl dlfir.lutio11 
paiternc are shown at v:tsiotir :werage adsorbate dcn~lrlet 3 The *;prctc.tlrii A :it a \l~;htly 
ovrrfilled C-phnsc shows the maxlmum intensit: at a mornenrum !r:~ti\fcr Q=1.7112 \ - 1  
wblch correrponds for n triangular latrlce to 4.26 ti, the nearest neighbor disti~r~ce 111 the C- 
phase Ifig.1). All  the spectra shown, the elastic and the znelasric ones, show dlfferzncc 
corlrrtq. The s~gnal lrom the cell and ~u hstarte u itho~rt ndsorb,~te hirc 31\\,1y been suhrr:~uted 

The rne!astic neorrnn measurements have teen laken :lr two d~ffcrcrlt nlr\rilrlntlrnl ~ncfc:s  Q. 
The rearon for that 1s dep~cted In fig.4 wh~ch chow.; thc wc~procnt sp;lvt of the tri:jriful:tr 
latrtcc of the C-ph:tse. Ttiz scan taken wrth n Q = l  7 cottectc n l l  evz~tatin~ir wir!t nr:ive 
vectorq along the circle uith n d ~ u s  Q wrrh the heEpof the Rmgg-po~nts u hrch ,~rc marked bv 
the vector r. Thesc excitarinns w~th wave vector q t ~ v c  rnauil) tcjrlrversc 1mlnri7,ittot1 :rncl rhc 
h~ehcct inten~ily rc cxpectcd fmm the 7one boundary phonon~ kc . l uce  of the It~gh den\lry of 



states. If  a phonon gap exists at  the zone center a second high dencity nf states i s  expecred at 
t h ~ s  point. As the 2-U powder averasrng crosses also the r-points a second peak 1s expected 
in energy in the scan with a Q=1.7 A-l. 

TIC- scan taken wirh 44.85 A-1 collects the lon_eitudinal zone bound? phononc due to the 
2-D p w d e r  averaging (fig.4). So wlrh the correct cholcc of the momentum tnnsfcr drfferent 
m d c ?  can be sepnr:rted even in a powder-likc sample. 

The scan? with the differenr momentum ~ a n s f c r s  are shown  in fieure 5. The data point5 In 
fig.53 (Q=1.7 A - i )  show clearly a doubEe peak. The one at Iower energes represents the 
phonon gap, whereas the one nr higher energies shows the cdlecied transverse zone 
boundary phonons. The scan with a Q=fl.R5 A-I (Fig.5b) shows only one peak which 
result5 from collected long~tud~nal zone boundary phonons. The f i t  to the d.ua I S  a ruo 

Fi~.3. Diffraction patem of D. on ~ a p h ~ t c  in the C-phase and a-phase ar various average 
densittcq of the arl~orbnte; A) p=1.07, BI  p=1.10, C) p = l . l  l ,  DI p=1.13, EE p=1.16 ,  F', 
p=1.20, G) p=1.2?, 1 I)  p-1.24, I )  p=1.25: T=?,K. The solid lines arc firs with the model In  

fig.7 [3]. 



: T I r l  
Fi2.2 :.nd 2s.j: Fiz.1 is  rne Inre: In iiE.2. Fig.; shac.; : k t  :-:~zro~~! si-!;~u:: di:: :::.:I:::!;-: 
I.ki::c<. The : r c ! r s  are iholvn on :ih:-!: pncrlons x< iuilz::td duz :c :it. ?civic: .:\rr:l-:rJ*T 

. . 
- '2 

for Q=!.7 .:\-I ~ n d  Q=O.Sj A-1, Q :s :5z rorn? sor.estl:rn rx-nsfer: I :A .I rcc:?roi<i ia:;:c.e 
vcc:ot r~nd q 1s :he phoron wnvr vzc:o: j;]. Fis.5. Ncurron :r,s!~.i:ic dnrn 0;' :A2 1:; 6:o;en 
iso:opzs 3dsorSrd on grnchl:e in :he C-chace [%I .  Q-0.35 .i-l !r: :I n!:d Q= I.- .i-! :., .I.: 2~:d 
3.  !n s .:nd b rht' hczct;:~ :aksrl ici:h D, ar: s h o u ~ .  (.A h ich 1s J ioi~rr:::~ >il:tcr.:r. '~i.::erz::> i n  

, . 
i :u:d 2 ED :~n? 14-13 is ~!xl. re:~:c:lsz:!~. ?.r:?iik , .L .= :ncotxr?xr j::::::~::< for :t::::\>~:j, 5 0  
rhc cizcsir.. of s;atzs :s ;::c:~scred. 



k.>,:.'::><,:<: :I[. 'I.!,,? .!::,;>;,k:!:: y::o!eL~:::\ : iy< ::,c,(::+: :- c;JF,r,;:;:;,,: 5,. fJLk.. <::b:: ?,: 2 ?,;! *f 
, . ir:i;:;s a ~ d  t1;5 :::o:::u:;: is ccnnz;:cc n> I! ,~r;:.; :n t i l t  juj\:::.>c :. T':L nqc,:.. :i .! :-:\ 

sirnplc nnc and is nor abls to rcprod1:ce the clenr stz:i::irion be~ween the 1,l:nnon ?;I:, .~r?c' tile 
tr:msvzrse zone bound? phonons seen in the fa:: l:i:.5aj. Bur it i s  h0~.2':2r , :c:e:e~tin~ . :I> 

note :he diFcrezce in :FLt srnns cor;.;:mts. c :s :h- iF-nS cons;:.:.: ??:'A::? :--: ::.::~>-i :::.! 

'~::II!C I ,  P:II-:II~CI<;~\ f.)bi:~~j>t.tl fro111 llic firs c l> , :~- :~~;r ;~i r~:  1t1c ( ! r i~ \ i~y  o f  SI .LIC\  i n r  ; I I ~ ,  i11-11!.1:1~, 
ii)p~!<\ c \ !  I I I C  C-pi~,!>< vf l ! ~  t)ydrv;cn ; I ( ~ T ? \  ,:<!.?:?::! , \ II  y!,.!~j!.,!!c, !I: !l:,r:::rh;xi\ .'?*: : >, ,,:, 

[!y i :ll~lc, (>j  x;:.-. r : ~ , l ~ ~ ~ . . > [ ~ ~  ,ir: : ! J ~ ,  f,j':~w,!;::- z,;- ;.:? j <  I:.: T;?.: : .  (:-.-.- . , ,. . - ~ >  - -  ,.- .. 
i\ 1 ~ 1 t t 1  i x  I ~ I C  \ L ~ L ! I ~ I  o f  :kr tic11siry ( 7 1  ~ ~ t i ~ [ ~ ~ .  I~ , I I ;S ,F~ . :L  .IIRI 1~~1;: ; - t ; :L  ;I;-L. :!,-, ;.:,:!,.,, :I:-.,;::,: 
!'l-o:;i tlic 1r;lwv~.l->,c :::1.:1 ! t~ t )s~[ :~di~~. , , l  r t ~ n [ i t ~ ~ \  i.1 IF,: L ! c t ~ 4 ~ y  {li h t : : :~~ .  rc,;) ,:,:,% ?:>> \!! 1 ,!;:,:< 

,,:; F;c[\t" '2':  'r: = !TI T r  7 A. I ,::,.\'.. , - y:.; :-,..-. . , L .  .... - .... ,, . , , ,  , ' ,,; :>: ' ,. '.. . ,.I. .. ," , . 
:.:,.?k for t i i t  ;:.!::<*. crw pe,lk I 

l t l f  i3-pl;lnt 0 t ) C  !T!~.\??rl [ I I C  ;id<p7l.:![e ~ll(l[cL::L< .i-::l !I)'. \Ll\y[,.:!t .it ~ t l L ,  , : ~ : ~ k ~ ~ - ~ : l ~ l , l  \:!:. , 

l i : ~ ~  k e n  ~ ! c ~ c r n ~ i i ~ ~ ~ ; !  10 0.01 (7 Y(IT) :IT:? :i to 0. ?: \ ,:). '['!I< ;-.:I:,$ :<  i ~ i > t j :  : ' .I'::I+ L;;. , !  
r;ltro is cqu;rlly \3cll seen iri rhe r;uhcr i l : ~ t  di\pzrcio:i 11) t'i;.rj ' l ' l ~ u h  I I I C  l:)<lii.cali, : ' \ t ~ i l i ~ ~ .  

nc:rrly "Ei~isrrin he!~:t vior" t'. bur ihc ir~tlrrer~cc of ~d::tor~j-;~d:irtw i l l  t~r;~ct:r?~: i \  h1111  vs i  bl(* 
!hro:~;h thc dispe:\tr-n. C~lcr~t:~rion.; ' :Ire i n  gov,l :ifr:c:t:cnt r~ i : ? i  :',I. i , l ? i ' :  s.':i.i ;.*,:rct - .  x: 

I h t  pi lo not^ :rap. ho\!c\cr [he :~datnn~-;idatom ~t)rs::ii:ior~ \.isil\ick I,!- thc \ \ l~ i : !~  3: thc L!LY.:!! 
nf'\t:~tcs i< s[ill h!) :I ! b ~ c ~ o r  ot' 1.5 KOO VTKIII  (src ~ : i t ~ l ~  11, This ir~clit,,~!es 11i:lr /?rot>.it~i!, I I U ~  I ~ I ~  

P:lr:lr?:errrc nt thc rt1:ninnrni nf thc it~tcr:c:inn po1crri.l; h:ir.t. tr3 tfc :,:orli!~i..i i u r  -':c ht::~rt t't 
, , >17~en~~:~l a l.ir;t: in~:rn~vIec~~l~ir < ~ X C I ! I ~  c!::? :? ;!IC inrrc:~,:i: : I~P :~ : I~*  ::;:i;: q , ~ ~ . i ; : ~  ::I 

thc C'-ph:1sc, 



The clrcut of the isorope mass c:in hc probed by u ~ i n g  In add:ti+,r In O- ;fI.~n 111) ; ~ r ~ t l  1 :I:, 
a t l~orh:~tc  X. The cpcctr:~ are sfil)i~,n in f i g . 5 ~  :lrltI 5d. Both spccrl.;~ I I I : ~ ~ '  t t ~  ol' [Itt. 
I I I C O I I ~ ~ C I I I  sc3tt~rir);: c r n l h  sccric)r) c u t  I-ID :jr)d 512. 'I'hc c:t lc~it .~r~~(l  ~ L Y I , I T !  I ~ C  \ t : ~ r t . >  i.; scpr) :,( 
:I wli(l line i n  the I(w er ?art  td :!Y ib:!frc\. T ! I ~  Iirle C!I::)LI;;> :!k ; > r ~ r ~ t >  I <  !:!L. i t c ~ ~ s i t ~  cjf 
hrt~!r\ !'c>l(!cd I X I ! ~  r?ic :~*>~~!ution (1: !':c I ~ I S : ~ I I I ) C ~ I ~ ,  'lit c!!:::::::,:: :\:I: ~ . I ! : I C \  !!IC 

rCl;~!l(~~i': :rrr sun)i1):1r17r.rl i n  1:thlz I '['he s:~rnc rnrrlcl :I'; descr!!\cr! ! t>: .  137 h a \  I,~cri :~pylicci to 
thr c~tllcr isntop~s.  'l'hc. ~h to ry  ' I [ c ' \ c . P I ~ ? ~ z  w~11 thc j ~ o t o p e  5hii'r \i IIIC'!I I S  1101 rrrlly ~ I I I C  10 

d~tfcf-'~lt mnrs hut ;~ l \n  ~ !uc  to thc ;~l:I):lrmonivity oi' thr. potcnt~::I\. 'I he i>otcl!l~: ~.t't't>cl is >cc:l 
uith d c c r c i s i ~ ~ ~  ! l i : i ~  .!\ well i ~ l  1 1 1 ~  <[)if1 ~ ) f  [tie ~ ~ L ) I ) L > ! I  ;:\IJ :(? !i~glicr- cl~~.r,;it:\ :L\  11) ;:r~ 
in,!-c.1~11); w i d ~ h  r b i  :!T dr:>hir:- cur ,r.!rtl.;. .Is u ! ~ h  D? r!ic -.x:;i:': r > *  :I-:. , l i . :~-~;. ,  I I ~ .  ,T::IC, !, 

~ ~ l l l c r  hy the c:l[nc t'.li,ror 1.5 rf:~t?ly I I 

Tht: C-ph:lsc ha:, ;11srj I\czrr detev~t.d t'nr orhcr :~rlstrt?:~tc.; ;II~L! :I cnllci.~~nr) c>l';;ll> c n c ~ ~ i e s  :lr~rl 
width< of the densir): of states is givcn in table 7 O.lO. The ;?.p energy is rc1:itcd to th: 
curvature of the corrueation of the ~n-plme ad~orprion poten:i:!l .it rhr adsorption s i ~ c .  Thc 
agrevmcnr between t!lr.nretical calc:~!arions of rhc Fap energ!. .I!\(! :he men5ri:cri \.;iirles is 
indirnrcd in the 7ih column of tn1,lc 2 '*5.10.1s. Tlic effective cun.;i:yre is iriflucnccrl by [he 
movcrnent of the ;itnnls or molecules in rhe adsorption porenti:11. All the  qunnturll g:~scs nre 
govcrrleci by the zero point movement, so that the gap s t a y  nc:lrly unch;~nycti l ip to the 
r n c l t i n ~  temperJttlrc af the C-ph:csr. Kr and CDs. however. chow a Inrvcrir~g ot' [he gap 
ener,:? hy a fac tor  n i  when the tcmnenturc i s  rn~rcd to the mr!r~nc.:emps3tun. d r ~ z  to :he 
en h:~nc'crl mean-squ.lrc displaccmc-i n i  tlrc xdsorhnte :~nd rhe sniisr:nnici ty ot' r!ic :u!sorption 
p0tctltt:lt q.'Y.:fl. 

Alsn the widrh of t l~c  rlcnsity of st:hteq cxhibits the difference between rhc qu:lnturtj y:lsss and 
the 11c:fvirr gases. Tl~z  quantum en.;cs chow a smnlit'r widrh of t!:c dcxi ry  of sr:lrc\. :lecnuse 
rhc nc:trcst tici$or r!~,:::ncz I n  thr C-ph:~se i s  inc:c:!.;ed 1 h - 1 : ~  :r\?i.:.: ro rbe one ::) ;-D. This 
lend\ to n lower iritc::~c:ion h e ~ u r ~ n  adsorbntc :Ilnm5. Tilt . I C : ~ I ~ Z T  ~ 3 x ~ ' h  ~ h o \ v  more 
inrerncrlon, hccnux the nszresl ncighnr distance i n  5-D rn;11chcs thr one i n  2-rj .  'Klz hi$ 
ka luc  of ' ~ e  should t)c t:iken with care. On one s ~ d e  thz very hl;h zero poirlt rriclrion ma!. 
nllrnv t i ~ r  :I highcs ndsorb3re-adsork11c inrcractiori. tmt on rhe othcr \rdc uc :ue not :~l?rr)l~irol~ 
stir: ,iIuwl [he interprr.!:r:~on of t!lc c!:ir:i Id. 

Once rhe inelzstic qignals arc understood En the C-phase the :Idlacent ph;~scs can bc 
inverti::ited. This will he descrihe~! firs1 For the n-phase. In fig..? .;cvtral scan< :are .;ho\vn 
~ 3 ? ; ~ 1 1  :~r rlit'lerent cnvr.::l:sr and cnn7:anI tcmucraturc. They foi:cw :1 p:~th frnnl rhc C-phase 
i:~to rhc n-phase ( f r g . 2 1 .  The di f f r3~: inn perk  \hifts rvirh inc:e::iiny densir!- rn h i ~ h c r  Q- 
vnllrcs :~ucordiri~ :o rhr. compresrinn. .,It the same rin~c qate!lites arc movin~ ot~ri\~;~rti.i from 
[he milin pe:tk. Thc l;.:iture arot~nrE 1.58 A-1 1s the (001) gap!~irc peak, u t~ich  is due to an 
intcrfcrcnce pl~eno~iicn:~. It  is of rio ullpnrtancc for [his study and cuis unfonur~:ttc'lv our a 

Fic.7: Srripcd superheaty rlorndin wk11I rnrlrlel Cor D? nti grnph~te [37. 



Fig 8 Neutron i n ~ i ~ s r i c  data of D2 on ~ a p h l r e  a t  T=4K for vmous coverages (Q=1.7 L-l) 
791 The l~nes  are guides to the eye. 
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certan region in Q, where the signal of the adsorbate 1s not observable. The fit to the data has 
been done with a model of striped superheavy domain walls 3.4 which 1s depicted in fig.7. 
For a more detailed discussion the reader is referred to the Refs.3 and 4. It should only be 
rnentloned that the crosses in f ig7 represent the molecules still in the commensurate pobirion. 
The fiIled clrcIes mark the molecuIes i n  the domain waIIs in an ideal position. Howe>cr they 
are too close and n cemin relaxation Indicated by the arrows takes place. In the applied mode1 
the distance between the domain walls tliis a dlstrihutinn which depends on the domain wall 
density. The width of the domain aalls is fairly small I t  extends only across 4 rows of 
molecules. This is agaln due to the high compresslbilty of the 2-D quantum gases as 
mentioned in the rntroductlon. 

The inelastic studv of the domain wall structure is shown in fig.8 TIie top two Fpectro are 
rnken Irl the C-ph;ise nrld show the phonotl gap ;lrld the tr;tnsimcrst. zone bount1;lr-!. ~~ho~:n~k  i n  
ons p w k  due to the rel:~xed instrunlznr rcsoiutlor~ (0.06 THz) used tor  rtiese seal:<. ll' rlw 
aver:\gc density is further increased the rx-ph;ist is entered Csct. Fi@) ;~[ld rtlz sig:i.11 :I:-OIIIIL~ ! 
THz st:trts 10 decresre. This is undersrood ;IS due ro the xtroi~~lr ot' rhc rnniccults 11: thr C- 
phasz decreasing due to the model of the domain tx-alls. ,It the s;tme rime :i sigr?.il .!I :tbrut 
0.6 THz appears which finally at p=1.25 is rllz only s i ~ n a l  to be scst~. T h ~ s  siynal ;~ttrihuted 
to ;in excitation of the domain walls is still to be c:ilculated. I t  is btrst rt t  the de!~sest a-pll:!~ 
(p=I .25 ,  see tig.2l. This is a first example of the usefulncss o f  the i~~el:\stic studies :o 
complete and ta understand the events i n  this phase di:tyram. 

The following scans in fig.$ show that in the region bct~vcen p=I -30 :ir~c[ Ip=l.33 thr: si;;~;~ls 
can not hc any more resolved prohnb!! due 10 too nl:ir~y dit'fercnt sscit;~tiurls i ~ i  tt1i.l I \~I .I ' .?  

which Ivnh modeled by a hexagonal heavy domain wall structure 3,? I n  the region beyonu 
the density of p=1.!3 the ~nelastlc response changes a y n  and ~ndicntes the pure tr;rn\rerse 
zone boundary phonon of an incommensurate 7-D solid. 

The next object to study 1s the 3-phase. In fig.9 diffraction patterns :Ire shown t.rken a1 
constmt coveragc p=1.16 ss a function of rempernture 3 At T=1K 2nd 5K the already 

- ,  know11 s;~tellite structure of the a-pli:~se i s  seen, wh~ch  uoulrl be rur~dsler! by \~ I - :FYL;  
suprrileavy domr~in rviills. For hizher tcnlpcr,;ltu:cs tllarl rllc (1-p ti-:~i~s~tir>rl ;ii; 3 i i~c 
spectrum looks likc n liquid str~tcrurz t':icfor i n  p:lrrict~Iar if tllc tett>psr:iturc is r;:i.rc.r!. 'I'ilc 
ctrtlcrrlre of this "reentrant liquid" u:is riot kno\rn. hut gat 11 t . x~  iri:rrzsl bc'c;~usr. th i .  i?h:i\t 
seems to be separated from the normal 2-D liquid by vs:.? t7ro;id peitL.5 111 spccif~i !:c::t 
t Fi:.2)- T l ~ e  inelastic neutron measurements ;!re shuivrl in fi:. 10. Thcy !l;lve ;:]so bcc:~ t:~hzrl 
with [Ire reIaxed resolutin~~ (fig.SI. So ;ignirl the sscitartous of the curnniensur:ltc piltr.; 
kphorion gnp and tr;insvcrse zone b o u ~ d , ! y l  are srcn :ind at lo\\,er en rzy  tliz sigrl:jI :':-aru !!I? 
dom:titl v;:ills. Here no change in ttic cpectrum is seer1 i f  [tie ternpcr;uurc  crow::'!!^? I<-  i 
tr~u~sirion at 7.2 K. The consequence il that the dor:~:lin wr.al[h do sti[l csisr i l i  ;!I? j-llt1:13.: 
because the excitation belonging to them are 5:ill visible ~ n d  alsu th t :  csuiratlo~~> (1-oru :L 
comnizrlsurate phase. Thc solution for n srructitrnl picr~rrc is to i rltroduce p:ltc hcc nt dnri1;lirl 
~ : k l l ? ;  :is depicted in fig. 1 1. This model st111 alln~rs fur the ir~zl:~~ric tt';irru'cs ;111ri rhc si:,uu:urc 
f:~ctor. seen as inset in fig. 1 1  ;h> f ~ t s  :he d:lt:l. T1ii.i I S  ;I prnnf that thc. ;$-l>h:~se ih  :I di\orrlr.rcci 
dom:liri r*.;~ll pli;~se. The evolution wirh tcmper:lru;'c c:ln he t~~rlrlsle(l by sf~n:-tzr :lrld \ilortc:- 
donlail~ rvalls until meltins :~rourld 2!)K. l)e[h:~ps r h t  \~rrt>iliditrg c~f t1orn:liri \ v . ~ l l i  c:~rl :\c 
rre;itsd i n  the class of Kosterlitz-Thoulssr trarlsitions 22.23 

The ph:lsc dingr:~m of the manelayer of the helium!, adsnrbzrl or1 gr:~phirc :uc sitnit:~r to rllr 
cllles of rhe hyd~oyer~s in t ha t  .a pronounced C-pllasz s h o ~ v s  up u ~ r h  ;I rr,~rlsirioi~ :o tlie 
incott~rnensurrlte pl1:lse pmkibly via ;I striped supertle:~vy dor~t:tlri \x , i~ l t  p11;lse T'-25. \\:< 
pre.;cnt here the idcntifja~rinn of [he  donlair1 ~ v r i l l  (01 pll;~sr of , ; ~ e  :I\ st[-iptrl supcrhc;i\x 
drtn;~Erl w:111 phase. 

11) li;. 12 rht. explorcd cr,ver;jge r:lrise hst;vszri 0 I15 ;!rid (F3-  :1tor11/4' of :I I <  rlrl :r.:~pilire ih  

~tloiirl. The density of the ;tdsorScrl ]:lye; c:~rl bz c;llcul;~tzd fro111 tllc ~Iift-[-:~ctin~~ PC;IL 
l ~ s i : ~ r > r ~  if ;I I ~ o n ~ o ~ ~ r w ~ i ~ ~ s  tri:irig~~l;~r I : I I I I C ~  is ; I S . S ~ I [ I I ~ ~ ~  T h e  fi1.s~ fi\,t ]~r>irl[s i t )  f i ~ .  1 S ~ O I V  

thc r:lrne ordin:tre of O.Oh?b :itlA2, ttlr detlhity of the C-phahr'. T!IC ;~l~ccis<;\ 's  c:~litlr;~~iorl 
',the tnt;~l number of ::dhorbed  toms uri the st1rf:lcz nf the s:~r~lplt'l I S  ~ ivc11 b! rhc ,Ilnuullt oC 



Fig 1 1. %lode1 for the P-phase. It i s  made up of patches of the a-phase strucrure [Tbj The 
inset <hours an overlay of a mearured spechum in the P-phase (spectrum c in f ig .9)  and 
calcuIated one using the structure from the same figure [3b]. 



BHe th:~t produces the highest Bragg-peak intensity w~t l~ in  the C-ph:~se. Tl~ts  dctii~es the Iw<t 
C-plbnse: :111 adsorption sites of the C-phasc on rhe graphite are occupjcd Sy an i~dsorh;~te 
atom. This calibration was first made with D2 on gri~phite and defined :k v:llue of Icl.31 cc 
(STP) of gas. This agree$ wirh j ~ e ,  despite i ts  low sc:itterilig power :lnd high nctltl-or1 
absorprior~ cross section. 

The stclight full line in fig.12, thmt~gh the best C-ph:ise point and tl?c origin does riot nl;~rch 
the poirl~s in the ICI-phase. Tl~iq shows clenrly that the calibrnt~un o f  the C-phahe :~rld or {!I< 
iricn~nmer~surate (1CI) phase do not coincide. One possil,le cxpl~in:lriol~ is rll:~t the cl,t'cc:~i e 
surface ; m a  of the C-ph:ise is smaller than  the one of thc IC1-ph;~ss. .hiothrr possihiliry III:I) 
h tliat it1 the ICI -ph:rse 310mS rlr2 additionntly adsorhcd or1 ottier pI:!nes rtl;lt~ tlle t>:~s.il 01lr.5. 
The calibration of [he IC1-phase is shown i n  fig.12 b!, the d:~stletl :irle, \ ~ h i c l ~  dots rlot p:~ss 
through the orig~n. The difference :u nionolayer cortlp!ction an101rnt.i ;ilrc:!~!y to hri  . 

Tlic drd~rccd deil~irics i n  the D-pll.r\e (fig.?) sllow. ;I !xh :~~ io r  ~h:rt i, r.qlr~v:~lc~!r tn t!ir c : ~ w  
D2 X4. which h;is bccrl identified 11s a striped :;l~pt.rt\c:ivy rfnma~rl \\:ill ~ rh ;~s t .  'Tile rl~uch I r  

f;~vor:thle srdrtcring :ortditians nf 3 ~ t e  with respect to U: r t~:~de 11 itl:~.u~sihlt to ~:-lc:~.;at-t :I 
sa~ellitc?;. HO-L' \ ,~F.  thc ch:ir:icterjsric cover:kgc dcpzrl~lcr~ce irl  Cis. t 2 i: .I ]~vr?ol' :!I:LI 1l:ik 

dort~:~ir\ wall pl1:tsc exist!: as propoccd by tlc:~t c:tp:ic~t!. rnc:ls,irz!:lrll1s tbl- ' 1-12 !' ' I  
den.iity dr~luccd tiom [he difl'r;iction ?t;lk po\ltio~i d m ~  of ~.oul.hc ):or I ~ C O I - C ~ ~ ' I ~ I  2 1 1 ~  LI \O[C 11:;. 
rziil ~!cn\i ty of the 1:iytr. 1x11 ~ w ~ t s j t ~ s t  for \ ,~SU;I]~~:I ; IL)I I ,  rlw ;it~!sc\t LI:ICC i,  ~L! :KIW~ ~ Y I : c ; :  
the >upcri~c:ivy t\;1115 are \cc);I:- :I~z~ by n112 FL>V. O ~ : I I D [ : I . ~  irl : O I I ~ I ~ ~ ~ : \ S ~ I ~ : : I L ~  ~vlirtiivt ( 7 )  :I\ fir! 
D2 ;.A. 

Ill. 'TI 1E SSECOSD .4DSI)R BED L.\I'ER 

' 1 ' 1 ~  S C C I J I I ~  1;1ycr n;-imi~xior i~ ?vitltrn:d 11% :I iI::$rp &:if? t~ctit ~ r r :  :::c I(. t : : t ~ l  LC:- IJI.<I>,: i:: 
fig.13. 'l'hc iticre.:<in; prcssurs ot' ;kc P ~ C O ~ ~ L I  1:1:cl. on ~t lc  fir,: c?rli. :rlribrt> ;I  !t~r:i.r.:, 
co~u?rts\ion of t i l t  flrsr l : ~ ~ c r .  ,tell i iy ttle irn:iIl <lo!x I I I  :!IC lCZ-;>:::~xc. l ' !~is ~ I < I I ~ c  i [ l~,i-<. , ,>?\  

sfightly tnu.:~rds thc S-ph:isr, ci~;~rlglrig nvcr to :I 7r:o s l u y  :II F).' .I!/ i1 ;\I poirl! !?I: 

rltrl\ily of the frrsr 1;iyer (0.1 I ( ih  :~ri.\l] cerrcspr)nds to :rll X'S r,vcl,qtrlac!8~li.c u i i i ~  :,ccpt.v~ 111 

ttle sr:~phite, havirig 37 :ltoln. psr I U I I ~  L.L.!!. 7'hc ;ipp;o;tch to ~h!s L,l:;~r- I~~~.l ,- i t l  I ~il.rr,kcil I! ;  

the S-ph:~se by sorue d~t'Cr.nctiar~ pc;~l:. wmh0\;e li[lc s11::p2 !s Iv!!~: d~*h~.l-illrf~l !1! ; I  I !oI:!~~c 
peak. This splittll~; is shown 111 the Irlscrt (if 1-~g. 12. Ir car1 t ~ c .  i:t:i.ry:c!crl :I\ :I -ligl!t cli>to~-!!~t~~ 
of the 11r>[t cell d;rt to ;I one (I~ie~;i(on:~t regisrl-y ivill) I I X  ~~;lht~-:t::. 'T!.,!> ~ : L ~ . I : I I  l.~>gi\t:-y :l;[~*ci 
for I\\,O p o i ~ ~ t s  will: !!it J",t iLittice xp: lc~r>~ : ~ I I L ~  lor O ~ I C  p<ii[l[ iv111) ;::< S S ( 5 1 : ~ .  I~c<(>I'c tiri:~!:!, 
the twrc X ' X o~er5-r::ctt~rc. i s  l'e.~cht.d. 

The c!ii'fr;~ctiurr of :he scvnnd l;~ycr it~rlr colrid he hcerl orlly ;I(  il is!~:i. in\ CI-:~;C\ ;~rourl~i .: 
rnrai r[crl.;ity of 0.3 MIA: ( f i g . 1 ~  
Si13111:~r Ce;~t~~tr \  in [tie b~i:iyer r tyon ;ITC scer) for4Ht (,it g(-;~ph~:t :I> l'ic. 1.; ,"'. Ft)r- ii>tcr>~:t! 
reasons the sign:ll from [he C-phase could not be s t e :~ .  -1 11us orll! :Iiz pr:ik positir?~~s I'l.irin 
the ICI-phnsc (s t2  f ig . l ? )  appear ;11 low dcnsitizs. For till: s:~:::? rc;lsoct ur. ctrul(! I ? ~ I  

c:!libr:~tc the x-axis on the best C-ph:ise ns W:IS donz I ~ I  l'ig.I?. ' l ' h ~ ! ~  rllc s-:~nis i~ i t )  ~L~II:I!'. '  
rcut o f  the;~mottnr of the fillin:. Thc rubstrate uscd I\ P ~ I ~ Z S  N I : ~  :I cohtl-encc !c.tlgrl~ ol- 
ahnut 350 A. Ru t  i r ~  :~drl~tion the data obt:iined with Z,YX-<ubstr;irr. \cr>i~crct:ct Izr1yt11 :~ijout 
20O0 A) :ire s h n u ~ ~  In fig 13 wi:h 3 resci~ling :kt the monot;iyer cotnyi ; ; !~~~ t'or the s-;~sis. 

3 I 

A g i n  the secollct 13!es promotion is cvidenccd ;is a st~arp knrc :I[ ;i rlr.!~sir\: of 0.1 12 .I!!,-\- 
(3ble at 0.106 3d,i7 in fig.12) :I" the incre:ising pressure nf  hi: szcoi~~l  l:~yrr irid~lcrs ;I x11::11l 
further cornpresslon of [he first 1:iyer At a iilli~ig of 19 oc.'/? the fir>[ I;~yer lucks inrcl :~rl 
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k1g.12: Mensured denqity of the first 3~-le layer vs. IUL,~I Luvrr:Ige :I[ 1.=1.i~n (-+, ;:II{[ :I* 

1 (x). (3) and (0) itldicntz thc splitting of rhr  diifracrion ps,lk ill the irlst.1~. 1 - 1  1, r h t  
of  he seuotld Inye:density. Thr: idenufication o i  thr: dilfel-tl~! ]l!::thdh i \  L!c,~L~I-I~~c;I  (11 
(; marks :I regiori di\tul-hcd by a gr:~pt~ite b:ickfr,ou~lti r,ct'.~.:t~~~:i. -1-hc. rali ; ~ r l t l  
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Fig. 13' Measured reciprocnl lnrrice vectors for " ~ e  adsorhsd ola P;1py2s 1x1  ;II T=l.2 K ,,S :I 
ft~~iction of the squ:lre root o f  rlre tot21 coverage taken in t in i ts of crn3 ST]) (x'x). (x) ;~r,rI (+) 

are (he ZYX d:ita, rcsc:~led to the coveritye i ~ t  the tn for t l ~  I3;~1)yc~ 
s;~nlplc. 
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The second layer diffraction peaks become v~slble at a t ~ l l ~ n g  ot I v  crJIL *Inn n ronlpres~ion 
of the second layer density 1s seen a not~on tn fi 

TV. THE 4~~~ FILM 

A %e film on graphite is composed 
and subseqz~ent liquid layers (see e 

Fig. 
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Id: Intens~ties olthe bulk rignal (+) :ind the 1nterf;ice s~gnal (o) ;it the criergy of 0.6 n ~ r V  
I function of coveraze c4kie on ~ r a p l l t t e  p o ~ d s r  31). The s~yti:il ,!I n coverage of .I 

~nl,i!~er and :ii 7.6 1:lyers is marked by (*) ( i t  i s  a GoilSIarl! back~round !); ?'=I).SK 

the solid-liquid one and thc liquid-gas one. Excitarions can propagate along these intefiices, 
which are the freezing-melting wave 39 and the ripplon 3O, respec~i\ely. Atly cxciration wlrh 
a dispers~on like a freezln? wave could not yet be measured with ntutro~? sc;lrterIrlg. But  i r ~  
addition to the signals anstng from the bulk 4 ~ e  some modes cotild be drtcctcd tvluctl l t a ~ e  
no d~spersion (the energy does not chanze, as a func t~un  wrth wave vector). Thesr modes (,I[ 
fl 4 meV, 0.6 meV ....) are localized at the solid-liquid interface hec:tuse the! still exist r t  the 
sample celI 15 completely filled wlth helium (this rrleans tb:it the l i q u i d - y r  interface is 
suppressed) 3'.  On the other hand these modes disappear between a coverag of 2.5 and J 



layers as shown in fig. 14. This range has unfortunately not been investlgnted 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 i r  IS bound at the solid-liquid interface. These 
modes can be taken to explain the high transmission of phonons rhrough the interface 
between a soilid and liquid helium (Kap~tta-reslsrancc) In  contrast the bulk signal increases 
linearly wrth coverage. It extrapolates to zero at acoumge of 5 layers. This indicates that in 
addit~on to the two solid layers three liquid layers do not contnhure to superfluldity, if 
superfluidlty is connected to the measurability of the photion-roton dispersion curve.This 
statement will be ret~ned for the 4He film on Payex-graphite, which 1s described in the 
follow~ng. 

.4r rhe second intcrhce a ripplon should be visibte. Incited it  could be nieasured 31-31 :m(j 
shows thc  dispersion expected from theory jg. The attribution of this modc to be :i ripplo~j 
w:~s strengrhened by the facr that this mode dis:~ppc:trs i f  the liqt~id-gas interhce is 
suppresserl by filling the sample celI completely with helium. This is visu;ilized in tl~c figs. 
15 ;~nd 16. In  the figures the different colors indicate the betr:ivior of the inttt~siry as ;i 
firnctinn of energy and momentum transfer. It is clearly sect) in fig15 ~h:it besidts the  
in  tensity on rhe phonon-roton cmle there is intensity on an energeticall!; tower lying hr:ulcti. 
This bnnch coincides wirh the caIculaied dispersion of the ripplon usillg tilt p:lr:lmctsr sct in 
Ref.20. The agreement is very good, it seems lo be so cvcn up to l .5h-I.  ,At  still higllzr Q 
the roton interlsity uotrtbined with thc one of rhe flnt modes becomes to high :o disllng~~isll 
tllc ripplon signal. This good ngreemcnt allows to r:ky rh:it the tempes::t~ti-e r1q~e:irlencr of rlw 
s~lri':~ce tension is reall!) based on an  cxperiment;illy verificd dispc~sio!? rzl;itio~~. I r  still 
rernilrns to prove the modified par;umeter \et Z0 by ;I ttlsniy 

lrl f i g .  lh the result of thc cnrnplztely iitled s;mmIe cell is ctlfiwrl. 113 :hc rcpifi~l I< h~'rt' ~ l ~ r  
ripplon should show up ,  tllc colors :lit [lie siittte :!s i t )  t'ig. 15. 011 I? rlc:~~' the ~>!~onc>~~-i-oti>n 
irlte~lsity :tnd the flnt hilr due to the multiple sc:irter,iitg 3.:: !!I< ;1tt:-1h:itEr7!1 oi [tic ct7lllr~ rn 
irlrcrlsity has becr~ rt~ndified. T h u \  t h ~ s  fi;~~:-? show.s tll:~t nn xigtl.il of ??I: :-il>~:lnit il~ttrlsi~!, I \  

r i~ ihl t .  in fig.16  he fillzd celt d:it:i. :kltho~t;h l~elow 0.7 I r  uo~s!rl fi:!\e llecrl 
distir~~uish:iblc frocm the overwhelmin; rja::si hu!k phorior~ rot(>ti 1rltcrl3ity Tihis 
di>app~.;~a!rlce prokes t11;it the ripplo~~ ~igiini i s  re:$tly borlllrl ro t!lz ;.t.;-iirlu:~! irlrcrt'xc. 

Ths fig.17 shows tllz evolution of rhr 5iy:il hcigtlr uf:ht: I-ipptun uitll c o ~  er-;~gt. .-\;::it) thr. 
s:ltllntlon show< th:lt thi\ mode is bo~:r~d ro ilr) iritcrfrlce. I t  bcco~ilc\ \-i.;ih:c ;itm,c ! 1:lycr.; 
(4uo ol' then) solid ! I .  Like ilt fig. I I  the 2\-olutinrl of the ~ J L I I C  si;rl;il 15 sullibirctl. 'fllr 
es11-:lpolation is made o~tly with covzr:lgss bs[ow 5 !:l~cis. This hliuii:: l t i i ~ r  [ I l l :  1 ~ ~ r l L  hlg1131 
dis,lppz:lrs at ;\bout 3.5 1:lyers. .l'tlrrz is rlo di\u~-ep:~ricy nilh ttlr dspsnrlcncc ill fit. 1-1 
bzcn~tsr here  i n  fig.17 thc scnlz is ~ t l ~ ~ c h  f lnzr  :uul iri princi]>lc :i lirlz;ir r ; ~ i l  P!' rhc tmlk 5 i y l ; l l  

fici;ht :IS :I fuliction of C O V ~ C I ~ C  is Icerl. (L? rough ~~11'11]1~[:lli~)n fi-on1 >ti13 hIgtlc~- cnvc~t?cr  
zsrt.:~l~olntes to nbo~ir l .5  1:lyt.r~ i n  ;Iyreemenrs i v i ~ ! ~  t'Iy.1l.j 

[ I )  C ~ ~ T C ~ L I S ~ O I ~  i t  l i ; ~ ~  heen shown t h : ~ t  a lot of irlfor~~~:~tron car! be dr:~\rtl fi-uili :~rtsos?~:l:c\ e\,m 
011 powder like gr:iphite subsrr:ltcs  sin; cl,~sti<: anrl illelastic netltro!l sc:it!eririg Ttlcqe 
str~rlies _rive insight itlto thc rIy~;lr~~ical tx!i;hvior oi the :~d*osh:ltts it1 the crill:nc:isur-;~rr: ~,ll:~st' 
itwlf. but a l u c h  is XIM> very v;t[u:~hlz for the niodetlirl; of 2-D phak..: in ~hr' ~lr[no!~srr:~r<rl 
U ; I C ~ :  o i  the cottirnensul:~tc-i:i~~n~i~~c~~s~ir~~t~' ~t.ar>sir~on. AII the ::dsor-tx.d ,;:l,ulr ~1111 :;ires tj;a~,c :I 
C . C ~ ~ I R ~ ~ : I ~ I I ~ : I ~ Z - ~ I I C O ~ I I [ I I ~ : I I S I ~ ~ : I ~ ~  ti-;~ns~tio~~. wfiel-c the \tripeti supce'l~cr:t>y (I~l i l i ;~ i r i  w;il! ~JII:IW 
;Ippe:lrs :is intzrntcdiute pti:~se. 'Illis domni n w:i11 ph:tse stion s ;lg:lir~ !I h:i.<c tr:!~lsi tious ;IS ;I 

fulict~on of ;cmprr:lture which in~pltes the creijtiu~i of shorrzr l ~ i cucs  ot' dorn;ur) u.:~llc. '1 llr 
evolur ion of tllc first Izyer s~suct~rre is dzrllor~strnted rownrds the dt:ise\t 1nn11nl:iyer :i tld 
rulde: the przssort: of the szcorld laytr. DIIZ to the second 1:lyer prcss11i.e r h t  first 1:1y~'r of [tlr 
hcli~l~t? show nverstructoseh with tlic ~~~~~~ate. In  p:~rtic~rl;!r interestiiig ;ire the uitcr-t:~cc 
excjr:~tior~s of nri $HC filcn. .It the solid-tiqvid hcliurri ~nrerkice loc:tlize:! e.ucit:~tiotis could hc 
drtectzd and at the lirprid-?as heiiunl inrerface the ripplnn uorllcl 1-2 inea~ur~ccl. Thus :ul 
ovcrvicw h ~ s  heen Fiver1 what c:in he rne:lsurerI with tlcrirroll s c : ~ ~ ~ r r i r ~ :  In  tfie c.:l>e of 
;idsorbed quantum y s e s  on ~ a p h i t e  rangif); from ;i su blii0~101:1yer to :I tili11. 



Fig.15 (top)and 16 (bottom): Intensity aIong the phonon-roton curve and along the ripplon 
curve in rhe encrgy-Q plane. The intens~ties originately displayed as different colors are 
visualized by the graduation from white to black.which marks the highest lntenstty (e.g. at 
the roton minimum in fig.15). Fig.15 shows the signnl from 5.06 adsorkd layers on Papyex 
and fig. 16 the signal from the cornplerely wlth 6 ~ e  filled sample cell. In both figures the 
phonon-roton curve of bulk helium is seen as a black line as well ns the ripplon dispersion. 



Number or layers 

Fig.17: Intensities of thc bulk signal I a j  and the ripplon ( a 3 as a funct~on of cnvernge ( d ~ l e  
nn P~pyex-~raph~lc); T=O.hK. 
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