
B ~ p i n g - 4 n d u  Change sf Superconducting 
G8p Anisstropy in Bi2e$~2c81C~208+8 

Cligh-resoli~lion angle-resolved photoeinission measurements were performed on single 
crystals of i3i,Sr,CalCu,0,_, with different oxygen stoichiometries. The data establish 
that the gap anisotropy (ratio of the gap along 1'-M to the gap along T-X)  can be reversibly 
changed from -20 : 4 (op.timal or underdoped) to -2 : 1 (overdoped). Differences in sample 
doping explain the conflicting repori-s on gap anisotropy in the literature. Possible effects 
of ihis change in gap anisotropy on the symmetry 0.i the order parameter are discussed. 
There remains some ambiguity as to the relation between -the order parameter and doping. 
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t l~re ,  in the clljlr;rte.. In ilur reieilt n-i>rk ( 1  , 
.?), ~ 1 ~ : v ~ ~ l i ) ~ ~ e i l  tll? l i j - p o ~ l ~ e ~ i ,  t11:it tlie 
c i > ~ l ~ r i > \ ~ e ~ - \ \  >ti'illi ti0111 l3revio~ibly nnlii>- 
tiieij Liop~ng ettrct.. 111 ;i,itlit~iln. .;e\.i'r<ll re- 
wi l t  tlicori.tii:;ll ; i~ ia l \ws (1-5'1 ha\-e ;lrg~ieil, 
dl1 Llltfzrellt ~rL)~lllLl>, t11:1t tll? t>l-Ller p<lr>llll- 
eter h,r, t \ \ c  ~onltTonent. \\-it11 r(i1,itivc. 

ternl, "S-L~:I\  e" c ~ ~ l L l  "coI~.\ e ~ ~ t i , > ~ i > ~ l "  arLIel- 
prlralnetel to 111~~111 rhar 11ic svmmcrrv a t  ihi. 
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aicijsil I\ it11 Eari lzcn-C~1i~~~e1--5cllr ieffer  
( E C 3 )  ~l leor \ - .  \\-1t11 11oL1r> 111 t11c 2~1~3 \6). 
Other  tunneling .lata j;). pencrratio~l 
!enSth ilata \H), anil stmi.  pllasc-seniltl\ c 
\vorl< ~ ~ 1 )  L)II YBci2Cc~ ,L>;- > ~ ~ p p c x t  CI ~!-iv<l\ c 
\ i n ~ ~ ~ ~ c t r \ -  \\,it11 lloL1eb 111 cert~1111 L 1 ~ ~ - e c t ~ o ~ ~ ~ .  
:~i)lllc of tlli. <111~lz-re~c71YzLl ~~llL7ti~elll1\>icOll 
L I C l t J  L)ll l ~ ~ i ~ ~ r ~ c L I c ~ l , ~ > , ~ .  <?I>O >11prc31-t ;1 
.!-I\ a\ c . ;~.mmc tri i 12 ,  1 1 ) ,  or more coll,er- 
~ a t l ~ t . 1 ~ .  \u:.ircr t11,ir the orLlcr l~nramcrer 
I I ILI ,~  IT? c ~ t  lmi t  p~rt11 ~ ~ ~ ~ c ~ > ~ l \ ~ c ~ ~ t ~ c > ~ ~ ~ i l  \ 12- 
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csrenilzil ~-n-;ivc ( 1 I , 1 5 ) ,  that ha1.e l lo i ie  
11l1t eshihit  tllc svmmctry a t  the lattice. 
Fill;illy, thcrc h ~ v e  I r e n  j3ropc>ialj r h , ~ t  the 
~ ~ 1 1 ~  qyll~~nctry i ~ ~ c l ~ ~ i l e s  t\\-c> ca111pc>1lc11tj, 
the relative \veighrs of \ \h ich  ch,1nYc with 
stc>ichlometr\- (3 ,  5 .  16) .  i T n i ; ~ r t u n a t e l ~  es-  
pcrlmrllral r e a ~ ~ l t i  1.1- ilifkrent reputal3le au- 
thor? cel1leiI tn upi 'or t  conflicting syn~me-  
trieb, tllus Llil~ag ti) liro\-~ile a solii1 hase !;is 
tlle,>rv. 

K'e pertormeil h i q h - r z i , > l ~ ~ r i i  ~ngle-re-  
~ ) l v e ~ l  yllotoenlisbion esyerimenth 011 

Bi,Sr,Ca,Cu,C>,_, s,imyle.; \vlrh L1ifferent 
i>ryycn iloyingb. Whe11 ; ; lm~les  are cooled 
i.elc)\\- the s ~ ~ ~ - e r c i ~ n ~ l u c t ~ ~ l ~  transitiiln tern- 
pcr~lture (TL). .I gal? A(k!  (cic13endent u11 
momenrunl I<) cylena LIP at  the Fernli s[lrf,~ce 
in tllc \ i~ lgle-p~~rt ic le  phoroemissinn escita- 
tion sl'ecrrLlm. Phiitocmlssion lneasures the 
11ia~nit~ic1e ani1 m o m e n t ~ ~ m  delie~-iile~-ice of 
tlie gal-' (rlie oriier l~arameter)  I ? L I ~  110t the 
iign ot the c>n1cr par,ilncrcr. 

The intzrpreratlon i l t  l l l i ~ i l l  ot the prei.loils 
esl~erlmental lvork has 1111plliltly ~jsumetl 
that the g,ip .immetry 1s the \xme fo~ .  a11 
materl,lls anii stoicl~iiulletrles. Rle inlriatecl 
the pre,sent stilil\- tc i le termi~~e \vherher the 
cap alll.;otroyy 111 L ~ ~ , S ~ ~ C , I C : I ~ O , ~ . .  - .  \\-,is 111 

tact ~~ l \ , a l .~an t  with respect tcl >tiiichit~metry.. 
U'e tC>i~nil that the gaLT along the T-X ( k ,  = 

k , )  ilirectlc~n changes ilra~uatlcally ihy ~t least 
- .  

,i tactor of I?) \\.lrh rllz mygel1 stolcl~lornetry, 
\vhere,is tile g.1~ n e x  the h l  poi11t 1,s \,irtilally 
~lnnfteiteli (T-Ll 1:. the k >  ilirectlo~l 111 rec~p- 
riical space. the Cu-0-Cu l ~ n d  2x1s 111 real 
\pace). T111'\2 r e > ~ ~ l t s  CII-e ioll,>lstellt \vlth a 
t\\ (1-compi~nent 111-1121- p;i1-a111eter ( 3 .  5. 15): 
hi>n.e\ er, a moLliileLl r-\\-a\,? mle r  yaranleter 
\ 1 1 , 15) callnilt 1.c ruletl c~ut. 

Slilqle-crystal salllrles ilf L117Sr7CdiC~I- 
0, , Ivere qru\v11 1?v the \elf-flus methoil 
\ 1 '). H~gll-qi~allt i-  crystal> a. 1,irge ,I.; 2 cm 
hj- 1 c ~ l l  n.ere proili~ceid 111 t h ~ >  ta \ l l~ i )n .  0:lr 
s-r;r\ al~,ilysls shc-i\ved that rile ~ , ~ r n ~ ~ l e >  ivere 
free t>t ,secondar\ ph,~ses ti) better tllan 2'$, 
\ t he  lllllit of re \o l~l t lL~l l~ .  sz1ectei1 Cl-vbtals 
\ \ere overilol~eil 1-y Annealilly 111 oxygen at  
5SP"C for 4 i l ~ v s ,  and oxygen \vaq rem~lveil 

from c)rher crybtal, 13)- annealing in argon at  
7L?dCC tor 2 t1al.s. Samples vr.cre then mea- 
sllrcil bv filur-point rcs~sr~vir \ -  or ac suscep- 
tibility. Arqon-annealed bamyles had a T_ 
= 92 K (optlnlall\- ,lopeil); ils\-gen anneal- 
ing 1:riliiuccd a TL = SS K,  \\,it11 transition 
\\-1i1thb ;ia narron7 'la 2.5 K ( 18) (me,isureii 1-1- 
s~isce~3t1biliry ti)r i o t h  types of s ample ) .  

T h e  fin;rl test o t  s a m ~ l e  trualitv was con- 
L L !  

tirllleil by in " t~ i  analysis. T h e  salnples were 
opticall\- flat Ixfore cleaving, \?-hie11 was 
iI01le at temperatures helorn 49 I<. T h e  sur- 
tace q~iali ty was checkeil b\- I?c)th illitical 
re t lec t i~ .~t \ -  anil lo~v-energ\- electron diffrac- 
tion (LEED). T h e  LEELI pro\-itlei1 a zensl- 
rive measure i)t s ~ ~ r f ~ a c e  oriler, an i m l ~ ) r t ~ ~ n r  
l ? ~ ) ~ n t  in rt-raining a ~vell-iicfinetj photoelec- 
tron \va\-e \-ector. It \1;c i)htc~ineil ;I \{;ell- 
o~- i l e~ -e~ l  rlectrtxl Jiffraction it at tern ;it <I 

kinetic cnerey of 75 CV or l e ~ s ,  then the 
b~lrt~ice \vrls con<ic1ereJ to l3e of 11iql1 qualit\-. 

ringlc-re.;c>lvd yhococnliasic>n apectrixcil- 
11y 1v.1~ perfc)~-nletl at  the \Ylibcoll>~n Synchru- 
tron RaLliarion Center in Sroui:hton, \S71scon- 
sin, \vitlh rlie 4-111 11orm~1l inciidence nlono- 
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Fig. - 1 .  A seres o' angle-resolved pliotoem~ssion 
spect1.a of ar, oilerdoped sample (annealed in ox- 
ygen: for dffereni az~~-n~~t l ia l  ang es H alor8g t-e Y-X 
d~rect~on !reso'~,t~on, 50 meV, salnple tempera- 
i,:e, 2C K: photon er~ergy, 21 eV) Arrows ndcate 
t-e locaton of the dspers~r~g quasi-partcle state, 
referenced to the Fel.nii energy at 0 eV. The state 
disperses tiiroug,- the Fermi energy at ail ang e of 
1 ; (Inset) Ferm surface calcc~latecl by Massda 
ei ai. 12;;. Open crces lustrate ocaioi-s n the 
Bri o u r  zone at vvhicli spectra were taken; the 
closed circle marks tile Fermi sc~iiace cwssing 



clirometer. T h e  colnbineii Gauss~an energy 
resolut~on of the analyzer and the t)eanillne 
was 15 to 25 1neV as deterlnilied on a eold - 
reference film. Fresh gold was periodically 
evaporated so that frequent calibrations of tlie 
Ferlni energy E, and resolution could be 
made. The  angular resolut~on was i lo. 

Sa~nples Lvere transferred into the analysis 
vacuum chamher bv wav of a load lock cham- 
ber. T h ~ s  ensrlred that tile samples \Yere never 
haked, to avoid a loss of oxveen. T h e  base , - 
pressure of the load lock chamher was 5 x 
lo-' torr, and that of the main analysis cham- 
ber was 5 X 13-' ' to 8 X 10-" torr. Salnples 
Lvere loaded onto a cold fi~lger anti cleaved i ~ i  
situ at less tlian 43 K. W e  then perior~ned 
LEED to test surface quality and orient the 
samples, \vhicli could he rotated about their 
surface norlnal in situ at low temperature. 
Orientations of t l o  were obtained. Temper- 
ature stability of i 1  K lvas olxained lvith a 
cryogenic telnperature controller. 

T o  deterlnine the location of the Ferlni 
su~face, ure used the criterion tliat tlie state 
has crossed the Ferlni energy ~vhen  a suilden 
decrease follows an inte~lsity maxim~~ni .  In 
data from an overdoped salnple at 20 K (Fig. 
I ) ,  a peak rapiilly ilisperses between 8" and 
14", lvliere it reaches a masimr~m. A t  16" the 
peak is lnuch reduced in intensity. In tlie 
superconducting state, this piling up of quasi- 
particle density of states persists past tlie 
Fer~ni level. A redr~ced feature can still he 
seen at 18" and even appears to he pulled hack 
slightly from E,. Here the Ferlni le\.el is be- 
tbveen 14" and 16". Use of a different angle 

n.ould glve an  anol~ialor~s shift to tlie leading 
edge of tlie spectra, wl~lch could he rnistaken 
for a larger gap value at say 18'. 

Figure 2 slio~vs data taken at the Ferlni 
level crossing along the h~gh-symmetry direc- 
tions for an argon-annealed (underdoped) 
sample. The  slres of the gap, l , (k ,  = k,,) = L1 
-t 2 ~ n e V  and Ahl = 17 i 2 me\:, \Yere 
deterln~ned from the shift 111 the leadlng edge 
of spectra from the gold Ferlni edge. Thls 
measurement is the most stralehtforward wav 
to o h t a ~ n  a value for the gap. Other metliods 
have heen derived to fit a model f~lnction to 
the data. Values for the gap ohtamed hy ilif- 
ferent methods were eilually cons~stent (2). 
X'e adonted this method because we are nri- 
marily concerned lvitli relative anisotropy 
changes rather tlian in ahsolute gap values. 
The  results are consistent with nrevious nho- 
toemission results (1 L?) ,  which indicate a van- 
ishing gap along the T-X direction (Fig. 213). 
Photoernission resolution does not allow us to 
say that the gap along T-X is zero: The  data 
indicate tliat A .  5 2 me\'. This low value has 

A 

bee11 i n t e ~ ~ ~ r e t e d  as evidence for a d,:+ sym- 
metry superconil~~ctor (10). 

T h e  corresponding data for an  oxygen- 
annealed (overdoped) saniple (Fig. 3 )  indi- 
cate gap sizes of A, = 10 f 2 lneV and A,, 
= 22 i 2 me\/. T h e  value along the T-X 
direction is ilramatically different from 
that  of the  underdopecl sample (Fig. 3B) .  
No te  tliat for both  Figs. 2.4 and 3A the  
gap along the  T-M direction rernains large 
(17 -t 2 and 22 i 2 me\/, re spec ti^-ely). 
T h e  data indicate that  o v e r ~ l o ~ e i l  samples 
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Fig. 2. Superconductng state angle-resolved photoemission spectra of an opt- 
maly doped (annealed In argon) sample with T, = 92 K (sample temperature, 30 
K; photon energy. 21 eV). (A) Spectrum taken at the Fermi surface along the I'-M 
symmetry dlrection (solid line), and gold Ferml edge reference spectrum (dashed 
Ilne). (8) Spectrum taken at the Ferml surface along the T-X symmetry drection 
(sold line), and gold Ferm edge reference spectrum (dashed Ilne). (Inset) Fermi 
surface calculated by Massda eta/. (27). The closed crcle illustrates the location 
at which the superconducting state spectrum was taken. 

ex l i ih~ t  a n  increase In the  size of tlie gap 
alolig the  T-X dlrectlon \vitliout signifi- 
cantly affecting the  sire of tlie gap along 
tlie I--M iiirection. T h e  ani>otropy he- 
tween the  r - X  anil T-M direction decreas- 
es ~vi t l i  ~Ixygen doping from Ah,/l ,  = 20 
for ~~nderdope i l  samples to Ah,/l ,  = 2.2 
tor tlie oxveen-annealed crystal. , u 

W e  took several p reca~~t ions  to avoid 
experimental art~facts. W e  reproduced tlie 
entire data set of Flgs. 2 and 3 f o ~ ~ r  tllnes 011 

d~fferent samples. W e  also checked parts of 
the data set (FIQ. 2 or 3) an add~t ional  11 
times. F~~rt l iermore,  \ve determined tliat the 
Fern11 s~irface crossing in the I--X direction 
was the same, \v~ th ln  3 . j0 ,  for the tmo types 
of samples. 

There lvas the Ixssi13ility tliat the gap 
c o ~ ~ l d  have hecolne more isotronic as a result 
of increased scattering. W e  perforllled sever- 
al rneasurenients on tlie two types of samples, 
including nb-plane and c-axis resistivity, 
transmission electron microscopy, i-axis su- 
percurrent in applied magnetic field, am1 
norlnal state angle-resolved photoemission. 
Sorile of these results have already heen re- 
ported else\vhere (18).  Earlier reports (18) 
inilicate that the extrapolated resiilual nb- 
plane resistivity was lower for the samvles 
\vitli Inore oxygen. T h e  results indicate that 
there is less scattering from overil~peil s a n -  
ples anii that the larger gap c>liserved in the 
T-X direction for overcioped salllples is not 
caused by increased scattering (1 9).  

Ding e t  nl. (14)  suggested that tlieir oh- 
servation of a nonrero gap in tlie T-X di- 

I ~ ~ ~ ~ I ~ ~ ~ ~ I ~ ~ ~ ~ ~ , ~ , , I ~ , , , ~  I , , , , I , , , , I ~ , , , I , , , , , , , , , ~  
-0.10 -0.05 0.00 0.05 -0.10 -0.05 0.00 0.05 
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Fig. 3. Superconducting state angle-resolved photoemission spectra of an 
overdoped sample (annealed in oxygen) w th  T, = 83 K (photon energy, 21 
eV). (A) Spectrum taken at the Fermi surface along the T-M symmetry drec- 
tlon (solid h e ) .  and gold Ferm edge reference spectrum (dashed line). (B) 
Spectrum taken at the Ferml suriace along the I'-X symmetry direction (solid 
line), and gold Ferm edge reference spectrum (dashed llne). (Inset) Ferml 
suriace calculated by Massda el a/. (27). The closed clrcle Ilustrates the 
ocaton at which the superconductng state spectrum was taken. 

1256 SCIENCE \DL. 271  l hlARCH 1996 



r e c t i ~ ) ~ ~  \vas the  result of the rurelr- odLI 
light-polariratim symmetrv ot the normal 
state in this iiirectian fclr t h e ~ r  sa~ l lp le .  As 
we r e p c ~ t e ~ l  earlier (211), and ionfirmed in 
this stud\-. O L I ~  niir111~1 htate fL)r overiiope.1 
,a~llcles is o t  nisei1 symmetry. Our  ohserl-a-- 
ti<>n of a nonzero sap along the r-X ilirec- 
t ian Llr overdoped samples t h ~ i s  seem< an  
intrinsic effect attril3~itable to  i lo~ inn .  

L - 

S e ~ ~ e r a l  impi>rtant conclucioni stell1 '{I- 
recrll- troll1 O U ~  data. Recauw the gap along 
the r-X iilrectlon 1s ninl:cril for the i>ver- 
iliq3eJ >amples, s ~ ~ c h  samples canllor posses.; 
a pure d,:-.: superci)nilncrlngg nrdcr-13arame- 
tcr >ymmetrv. Ho~ve\,cr,  tllc opt~malll- 'loped 
,111ii unJcrJope~1 sample5 esh1131r a verv s111~ll 
yap 111 tlie r - X  illrectlon, <mall c n ~ u ~ l i  to be 

light ot i ) t~r  ilaca. The cxtendeil .s-\\-a\;e model 
propo\eii 1.1- L'arma anri ci3-workers ( 15) ~ n d l -  
c,Ires t h ~ t  the g,rp nildea n-oulL1 appear at 
~ i ~ f t e r c ~ ~ t  F I r i l l< l~~ i~~  :~nle l o c a t ~ i > ~ ~ s  as the s ~ r c  of 
the Ferllll i~irface changes. \Y'e ob,ervei! 110 

ich,iniri. ~n the Fern11 n.3~-e \.ector in the T-X 
illrectlol~ 11etn.ecl1 the r\vo types ot  sLinlplec, 
~nillcatlnir that r l l~ i  part i>i the Fern11 s ~ ~ r f ~ i c e  
JILI not , ~ p p r e c i ~ i l ~ l ~  chnllge li, s m .  Given that 
the ch,rnce in Ferml .;usbee mlghr lye sll~allcr 
thall i>ur experimental ~incert,lint~-, ha\\ eIrer, 
\ye can llelther rule out nor espllcltlv {upport 
an estelliieii i-\\;ni,e moilel. 

Our  preient data are con51strnt \\-1t11 a11 
anla~>troplc s-\\-al-c clrdcr [parameter. Ho\vel,- 
er, the gap I I I L I S ~  ~CCC>LIIC 111ore i~nisc>tropic 
tor unL1cr~loyc~i >ample\: this espcrlmental 
reault \\:ill cc>nltraln s ~ ~ c h  rhe~~rct ical  mi>Liels. 
T h e  ilata are <~lsc> ci)nsiste~lr \q.ith a t\vc)- 
comp>nent  order p~lranlerer (1), \vith the 
ielarlvc n e~rllrh ot  the t\vo c i>m~~onen t s  
cli,inglng \vith stoichlonlerrv (3-5). S ~ i c h  
mi~ lc l s  (-7-5) preJlct that the gap llllnlnla 
(ilr ~loi ie i )  change locatiall aa the rel;rri\-e 
\velght of the t\vo c i imp~~nen t s  changes. 
T h l - e  1.; the poss~h~lity th,lt the nodes 111 tllc 
gap ~ L I I I C ~ L ~ J I I  illitt \v1t11 i10p~11g (1 3 ,  14).  
Because Ive mea.urcil the gap i1n17- along the 
I ~ ~ g l ~ - s \ - m ~ ~ ~ e r r ~ -  Ll~rectlon>. \vc can lleither 
ciillf~rnl nor e s c l ~ ~ ~ l e  this poss~biliry. 

I11 sLlllllllarv, \ye 1lLIve re l~ l -~3 i l~ lc i l~ l~  allii 
rcl-enibly c l l , ~ n ~ e ~ l  the ~uperci)niiuct~n:;rg 
anl.;i>rrop\- frc~m -70 : 1 to -7 : 1 by chang- 
lrl! rile i>svgen doping. T h e  ilata i l i s r ~ n @ ~ ~ i s h  
I si>~lle tlleoretlcal ~lloiiels a1111 con-  
stralll other illoilclh. Our  data pro\-~de a 
01utio11 for rile apparent ci>ntlict hetween 
earlier photnem~>.;~on rep~>rts a. to \vhether 
there i a :eri> in rile parT aloni. the T-X 
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Model Estimaaions Biesd by Truncated Expansions: 
Possi bBe Artifacts i w Seismic Tomography 

Jeannst Trampert" ancl Woe1 Snieder 

In most linear imaging problems, where the model to be sought is expanded in a set of 
basis functions. it is common practice to truncate the set at a certain (arbitrary) level. The 
solution then depends on the chosen pa.rameterization, and neglected basis functions 
may leak into the solution to produce artifacts in the retrieved model. An unbiased estimate 
of the coefficients of the true model may be obtained in the chosen finite basis set; here, 
a method to suppress leakage is illustrated on an example of global seismic tomography. 

k% l~llear Inverse r ro l~ lem is d e t ~ n e ~ l  as one 
111 \\~111ch the data are llnear fi~ncrli>nalh a t  
the moJel. Spcclflc,illv, a d a t ~ ~ m .  L l . ,  1s re- 
lateil to the ~ ~ n k n o \ \ , n  model i ~ l ( r )  1 1 ~  

\\-here C;,(r) representi the I\llii\vn data ker- 
nels ;ierl\.ed frc>lll theor\-. There are many 
~vay j  c>t ~ l l fc~r i l ly  models from ilat ,~ ( 1  , 2 ) .  
R'c ha\-e rcsrrlcti.d our iii<c'uss~ol~ liere to 
the col~\.ellicllr cahe \\-here rllc moilel to 1.e 
si~ught 1s cxpanJe'1 in a ci)my?lete 52t of 
I-asls f ~ ~ n c t ~ i > n s  B, iuch that 

,Sue11 a n  , ~ p ~ r o a c h  applieh to a large cla.;s o t  
~nterpnlar i~>n,  ipectral :inalysis, and i m a g i l ~ ~  
prLll~lelll< 111 aitr<>ll~lIlly, ge'>~lll?ilc~. ~ l l l i l  

medicine. Llany different paramereri:atii>~~s 
(chiiices nt Iba,is func t i i>n)  are 13oasil~le, but 
as lc>ng as the chi>sen set is complete, they 
arc ,111 eq~~iva lenr .  T o  ilescril-e the   nod el 
h l l r ,  the set of hasi> tuncr~onh must 1.e 

1 has to be cirrrleii c>ut to ~nf lnl ty .  T ~ I S  
n.oulii lead ti) a11 illLri!scii ~nverre  problem. 
In yraitice, nre are llmiteil by the fimte 
resalutiol~ o t  the data, s o  that \ve have to 
choose an  upper limit, L. for the expansion. 
T h l j  leaiis to a c l a s ~ c ~ i l  llnear Inverse prol3- 
lc111 for L coefflcienr,, c,. \vhlch may be 
r ep rc~en te~ l  by the matrix' equar1ol-i 

\\;here the marrls A is iletineJ hl- .A,, = 

JG,(r)B,(r!dr. T h e  tr~lncarion of the expan- 
sion leads to a ~iuootheii  estimar~on of the 
true   nod el, regarilless of the r c ~ l  i~uo i> th -  
nes, p~- i )per t~es  clt the true model. Gener,ll- 
ly ,  n-c 11al.e no prcciw a prlorl kno~vleilge ilf 
t!le unl<ni1nrl1 fullcrion ~ n ( r ) ,  anii our chi>lce 
o t  L 15 y~~i i ic i l  1717 rccll~llcal i l ~ i e s t i i ) ~ ~ ~ .  s11ch 
ah the size o t  the inverse problem. Any real 
htructure ~unrepresenteil 1.y the finite num- 
ber o t  1.a.i.: fnnctionj fixed 1~y L ~ n a v  p ~ ) -  
iluce a 1.1,~~ 111 inir estllnate of the Iinv-c3riler 
expansii>ll of the true mc-idel. 

U'e ~ ~ 1 1 1  iho\v here that  lcaI:.ige 1 1 1 ~ ~ .  

i~ccur  from ~leirlecred lyasis f~inctic>ns to 
the  f l l l~ te  n ~ ~ m b e r  ot esr~marccl coctficicnrq 
;111i1 thCit inhi>~llogelleorn 11loclel samLyllng 
IS responsil~le for t h i  l~ la s  ( 3 ,  4 ) .  W e  arc 
t11~1h confi-c~nted ivith the ~unde~iralile proll- 

-- . . 
J TI-arpelt  :ole et ~zse-.!at, *e cie piiys cue cu erty that the llloiiel depends on the nay ~t is 
%be. LRA 1355 LLP-CNRS, 5 R.,e Reie 9escaices, sampleii. \xic here a matll~lllatlca~ -- c; 084 S t ~ - s s b ~ ~ . r c  Cedex, France 
R,  Snlee:er, DeJarmert cf T7eei.etlcal ueel,l,,sics, U 7 i  fi!r~ll~l~itli)ll rhiit takes the colllplete (111- 

,.ei.s~t~ 31 Ltreckt, p C. Box 5:.021, 35:8 TA ~t rec i - t ,  1;no~vn moLlel structure into accoLunt anil 
Nethera ic :~  s~~p[iresses leakage with the use of a nreighted 

TC ,:lei- c3 i.e;jcic:a-ce sic.l~ci ce ac:c:lessec: least-sil~~ares algorithm. T h e  n.e~ghting ma- 




