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Results from the L3 Experiment

Jacques Perrier

Département de Physique Nucléaire et Corpusculaire
Université de Genève, 1211 Genève 4, Switzerland

This talk is intended for non-specialists of high energy physics, curious of the

results obtained by the L3 experiment in its first year of running at the CERN

Large Electron-Positron collider.

Since the first collisions in August 1989, the L3 detector (Ref. 1) has recorded about
150000 Z° decays. The analysis of these data has produced a wealth of results. Among
the most important ones, I shall discuss the measurements of the mass and total width of
the Z°, the determination of the number of light neutrino species, and the measurement of
the Z° partial widths to charged leptons. Finally, we shall see how these results are used

in a precision test of electroweak theory.
Electroweak theory groups spin-| fundamental

fermions into doublets of leptons and doublets
of quarks. Fermions appear in families made of
one doublet of leptons and one doublet of quarks.
Up to now three families have been observed (Table

1). The third family is not complete.
The top quark (t) has not been observed, most probably because of its large mass.

The electroweak theory does not predict the mass of the top quark, neither the number of
families. The electroweak interaction between fermions is mediated by four spin-1 vector
bosons: the photon (electromagnetic interaction) and the Z°, W+, and W~ bosons (weak
interaction). The first few years of LEP are dedicated to the study of the Z° properties.
From 1994, the energy of LEP will be increased to produce pairs of W+W~ bosons.

The Z° decays into pairs of fermion-antifermion with mass rrif < |Mzo. If there are
no more than three families, we expect the Z° to decay ~ 10% of the time into charged
leptons (e+e~, n+fi~, and t+t~), ~ 20% into vv, and ~ 70% into quark — antiquark (dd,
uü,... but not tt). The Z° total width, the inverse of its average lifetime, is the sum of
its partial widths over all allowed decay modes: Tzo - Te-re- + TVcVl, + Yuü + •--. The
measurement of a larger width would signal the existence of new decay modes.

Z° Mass and Total Width

For these precision measurements we have used e+e~ —> qq events (q quark) which
constitute the bulk of our data. These events can occur through electromagnetic or weak

current interactions (Fig. 1). The weak neutral-current, J™'ah f(gvJß + gA[ J^J5)f,

Leptons Quarks
1st family e" ve d u
2nd family \i" v». s c

3rd family T~ VT b t
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Figure 1. Lowest order contributions to e+e —? qq.

contains two terms that transform as a vector and an axial-vector, with couplings gy and

ga respectively. These couplings depend upon the type of fermion and are function of
sin $w, one of the fundamental parameters of the electroweak theory,
total cross section has the following form:

The

a(s)
^QW

+
(5-M|0)2 + M|0r|0

127rreer„- 3Ig(s-M|o)
M|„

+

qq

(l)

where s is the square of the energy in the center-of-mass of the collision, Qq is the charge of
the quark, and a is the fine structure constant. The first term is the pure electromagnetic
cross section and decreases as 1/s. The second term shows a resonance behaviour. For
center-of-mass energies close to Mzo, the cross section is totally dominated by this weak
interaction term. The third term is the result of the interference between the electromagnetic

and weak amplitudes. The shape of the total cross section depends upon the values

of the Z° mass and width. To measure this shape, we have scanned the Z° resonance by
changing the energy of LEP step by step. At each step, the rate of e+e~ —» qq events
is measured. The total cross section is deduced from the measured rate, taking into
account the luminosity of LEP. Quarks are subject to strong interactions and do not exist
as free particle. They manifest themselves in e+e~ annihilations as jets of particles. A
typical e+e~ —> qq event is shown in Fig. 2 (projection normal to the beam axis). The two
jets produced by the quark and the antiquark are clearly visible in the central tracking
chamber (A). Most of the particles in the jets interact and deposit their energies in the
electromagnetic (B) and hadronic calorimeters (C). Hadronic events, like this one, can be

easily identified by the jets in the tracking chamber and by a total observed energy almost
equal to the center-of-mass energy. Our measured total cross section is shown in Fig. 3

(black dots). The Z° mass and total width are determined from a fit to this cross section
(Ref. 2):

Mzo =91.164 ±0.033 GeV rzo =2.492 ±0.025 GeV

As we shall see, the high precision of the mass measurement, 0.03%, is essential for
precision test of electroweak theory. The value of the total width is also particularly
interesting as it allows a precise determination of the number of light neutrino species.



Vol. 64, 1991 Rapport de la Réunion d'automne de la SSP 161

j(nb)

Figure 2. Typical e+e —? qq event.
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Figure 3. e+e~ —> qq total cross section:

Data (black dots) and electroweak theory
expectations for 2, 3, and 4 light neutrino species.

Number of Light Neutrino Species

For three families, the electroweak theory predicts r^o 2.490 GeV. If there is a
fourth family with light neutrino, mVt <C \Mzo, the decay Z° —> 1/41/4 would occur and

the Z° total width would be larger by TvB 0.166 GeV giving r$ 2.656 GeV. From
these predictions and from our measured value, Tzo 2.492 ± 0.025 GeV, we determine
the number of light neutrino species: N„ 3.01 ± 0.11 (Ref. 2). This is even more
dramatic when we consider the shape of the cross section (Fig. 3). The largest effect is

on the maximum value of the cross section as avmk oc 1/T^0- With the assumption that
all neutrinos are light, this limits the number of families to three, and the number of
fundamental fermions to twelve.

e+e" mV and t+t Partial Widths

The measurement of these partial widths provides a determination of the electroweak

parameter sin26w- At lowest order, the electroweak theory predicts

GFMzo 2 2.
11

6\/2t
<9a + 9v) (2)

with gA —\ and gy — — \ + 2sin26w. Gp is the well-known Fermi coupling constant.
We expect identical values for Tee, Tßll, and TTT (lepton universality). The partial widths
are obtained from the total cross sections e+e~ —> e+e~, /J.+fJ.~, and t+t~.



162 Rapport de la Réunion d'automne de la SSP H.P.A.

2.0

cr(nb) e e -+u u.

1.5

1.0

0.5 -

0.0
86 88 94 9690 92

Vs" (GeV)

Figure 4. Typical e+e fa> event. Figure 5. e+e fa>" total cross section.

Data: black dots; Fit: continuous line.

For example, a fit to the e+e

<K«) —r2— +

H+ß- total cross section

3s (s - M2z0y + M|0r|0
i27rreer^ ijAs_ ML)

M|0
(3)

yields Teerß)l. Similarly, ree and reerTT are obtained from fits to the e+e and t+t total
cross sections. A simultaneous fit to all three cross sections provides directly Tee, T'M/i) and

r
The decays of the Z° into charged leptons can be easily identified. For example,

e+e~ —> /i"fa- events (Fig. 4) are characterized by two back-to-back high momentum
tracks crossing the entire detector and by very small deposits of energy in the calorimeters.

The e+e~ —? fi+fi~ total cross section is shown in Fig. 5. Similar results have been

obtained for e+e~ and t+t~ (Ref. 3). A simultaneous fit to the cross sections yields
ree 84.3 ± 1.6 MeV, Tßß 82.3 ± 2.9 MeV, and TTT 83.5 ± 3.7 MeV, which
verifies lepton universality. Assuming ree Tßli TrT, we get Tu 84.0 ± 1.2 MeV. We

could now compute sin26w using Eq. 2. However, for a precise determination of sin26w
radiative corrections have to be taken into account. This leads to a redefinition of the

fundamental parameters of the electroweak theory (replacement of coupling constants by
"running" coupling constants: a —> â, sin28w —» sin2$w) and to new relations between

experimentally measured quantities and parameters (Ref. 4). Eq. 2 becomes

r„
GFM3z»

6V27T

1 1

M(-f + (-; + »W (4)

with 1 + j^/wL. The mass of the unobserved top quark must be specified in
order to determine sin20w precisely With an additional relation, we would be able to
determine sin26\y and mtop. More relations would test the consistency of the electroweak

theory.
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Precision Test of Electroweak Theory

Application of the electroweak theory to determination of the muon lifetime leads to
the relation

¦KÖ.

p Mtft sin $w (1 — sin 6W)
v^Gf

Another relation links sin26w to the ratio of the vector boson masses

2, i{MwySln9w l--P\M^)
Relations (4), (5), and (6) restrict the

values of sin20w and mtop to three different
regions (Fig. 6). The sizes of these regions
depend upon the precision achieved on the
experimentally measured quantities: à, Gp,
T», Mzo, and Mw. Particularly on r((, Mzo,
and Mw as ä and Gf are known with
almost negligible errors. Today, the best
measurements of -r^- come from the CERN and

Mz°
Fermilab (U.S.A.) proton-antiproton colliders.

This may change when LEP starts
producing W± bosons in 1994. The likeliest
values of sin26w and mtop are: sin29\y
0.230 ± 0.004 and mtop 137 ± 40 GeV
(L3 data, Ref. 3). Note that this value of
sin28w agrees with previous determinations
and that the top quark mass is compatible

with the lower limit set by Fermilab,
mtop > 89 GeV.
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Figure 6. Constraints on (sin28w,mtop): (4)
and (5): average LEP data; (6) CERN and
Fermilab pp data (plot: M. Martinez, CERN).

In the next few years, significant improvements in the measurements of Tu and -^- are

expected from LEP. This will lead to even more stringent tests of electroweak theory. But
up to now, all measurements agree with the standard theory of electroweak interactions.
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Gradient corrections in 3d magnetic materials.

B.Barbiellini1,E.G.Moroni2 and T.Jarlborg1

'DPMC,Université de Genève,CH-1211 Genève 4,Switzerland.
2Université de Lausanne and IRRMA,CH-1015 Lausanne,Switzerland.

The effect of Perdew Wang (PW) gradient corrections on local density potentials are
calculated for Fe, Ni and Fe3Ni. It is found that the separation between magnetic
and non magnetic states is increased both in total energy and volume. While the
PW potential predicts the correct structure for Fe, it cannot lead to the conventional

explanation for the Invar effect in Fe3Ni.

It is well known, that for different 3d transition metals and their alloys the LSDA shows

some failure in predicting the ground state and magnetic properties [1]. Recently, Perdew
and Wang (PW) proposed a correction to the local spin density approximation (LSDA)
considering an exchange-correlation functional, in terms of the electronic spin density and
its gradient [2]. This correction is simple to apply in selfconsistent calculations in atoms,
molecules, solids and leads to an improvement for some ground state properties.

Here, we compare the LSDA to the PW potential by analyzing the stability of différents

ferromagnetic (FM) phases with respect to the non-magnetic (NM) phases for bcc and fee

iron, fee nickel and fee Ni-Fe alloys near the Invar region. All total energy calculations
have been performed using the self-consistent LMTO method [3]. The calculations are
semirelativistic and the core states are recalculated in each iteration.

In iron, the LSDA calculated fee NM phase is found to be more stable than the bcc FM
phase, contrary to the experiment. This calculation was performed with the parametrization
of Vosko, Wilk and Nusair (VWN). The PW correction stabilizes the FM phase, increases

its equilibrium volume and reduces the bulk modulus [4], [5]. For the bcc ground state the
value of the calculated lattice constant is 5.4 a.u. and the bulk has a value of 1.7 Mbar
compared respectively to the experimental values of 5.47 a.u. and 1.72 Mbar. The magnetic
moment (for a 5.47 a.u.) is 2.30 ub for PW, compared with 2.26 jib in the LSDA and
2.12 pb from the experiment.

Fe (bcc FM - fee NM) Ni (fee FM - fee NM) Fe3Ni (fee FM - fee NM)
LSDA PW LSDA PW LSDA PW

"~
-13.0
7.99
0.24

In Fe-Ni system, at low temperature, the fee phase is stable from pure Ni to Invar
concentration (65% of Fe) while a transition fcc-bcc occurs near the iron rich region. These

AE (mRy) 2.1 -13.4 -2.8 -3.6 -0.5
AV (a.u.3) 5.59 8.43 0.60 0.67 3.1

p (Mbar) -0.05 0.23 0.69 0.79 0.02
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Invar alloys are characterized by several anomalies (related to their small thermal expansion
coefficient at room temperature) which seem to be connected with the existence of almost
degenerate high and low spin magnetic configurations [6]. The PW potential corrects the
LSDA overbinding and increases the energy difference AE between the minima of the NM
and FM phase (as in iron) but this effect seems too large. Several experiments indicate that
at low temperature, the critical pressure p —AE/AV necessary to induce a transition from
a FM phase to a low magnetic phase is about 0.06 Mbar [7], which is smaller compared to
the PW value. The volume difference AV between the minima of the two phases is increased

with the PW correction.
In fee Ni, the differences AV and AE are small both for the LSDA and the PW potential.

The critical pressure p is slightly increased in the PW scheme. The magnetic moment for
the PW and LSDA potential are almost equal (0.62 fis)-

The PW corrections do not significantly modify band-structure properties except for the
exchange splitting which increases (PW, LSDA, experimental values are respectively 2.5,

2.4, 1.2-2.0 eV in iron and 0.75, 0.7, 0.3-0.5 eV in nickel). In Fe3Ni, the increased exchange

splitting produces a large reduction of the density of states at the Fermi level.
In conclusion the LSDA overbinding is corrected and ferromagnetism is favored in the

FM phase, which is wanted for iron but which is exagerated in Invar alloys. Since the typical
Invar properties are associated with a small difference in total energy between NM and FM
states they are good for testing new potentials. Our calculations show that the PW potential
gives a too large difference in total energy. Excepted the increase of exchange splitting, band

properties are not significantly changed. Moreover the calculated PW magnetic moments
are too large and their variation with pressure are to small. A most carefully study of the
correlation spin dependence is needed in the corrections to the LSDA in order to improve
the description of magnetism in the 3d materials.
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High resolution photoemission in the URh3Bx system.

J.M. Imer, D. Malterre, M. Grioni, P. Weibel, B. Dardel, and Y. Baer

Institut de Physique, Université de Neuchâtel, CH 2000 Neuchâtel
Switzerland

abstract : High resolution photoemission measurements have been carried out in the

URh3Bx alloys. In this system, a progressive localization of 5f electrons occurs with increasing

boron content. Whereas band structure calculations predict a pronounced increase in the density

of 5f states at the Fermi level between URh3 and URlrçB, our photoemission experiments show

that the 5f spectral function is nearly insensitive to the boron addition. Then, the description of

5f states in terms of one-electron band calculations is questionable.

Uranium compounds are known to exhibit a large variety of physical properties

(superconductivity, magnetic order, Kondo effect) which seems to be connected to the itinerant

or localized character of 5f electrons. We present here a high resolution photoemission study of
the URI13BX alloys. In this system, specific heat and magnetic susceptibility data suggest a

progressive localization of 5f electrons with increasing boron content: URI13 exhibits a Pauli

susceptibility with a small linear coefficient of the specific heat (y= 14 mJ/mol.K2) whereas

URh3B orders antiferromagnetically at 9.5K with a y value of 120mJ/mol.K2 [1]. To explain

this behaviour, band calculations in the local density approximation predict a dehybridization

and a large modification of the 5f density of states (D.O.S.) when boron is added to URI13 [1],

namely a strong increase in the D.O.S. at the Fermi level (about a factor 4).

URh URh3B075/\
V\JHe II He II

/ fl ' A1 \ \-He I He I

-6 -4 -2 0

Energy [eV]
-6 -4 -2 0

Energy {eV]

Figure 1:

a) UPS measurements of URI13

for two photon energies.

b) idem for URI13B0.75.
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These theoretical predictions are not consistent with our experimental spectra. Figure 1

shows Hel and Hell spectra (hv=21.2 eV and hv=40.8 eV respectively) of URh3 and

URh3Bfj.75. These spectra are dominated by a broad feature between -0.5eV and -6 eV which

can be attributed to the rhodium 4d-derived band. Nevertheless, thanks to the large variation of

5f-cross sections with photon energy between 20 eV and 40 eV, the 5f spectral weight can be

obtained by substracting the Hel spectra from the He II spectra. The differences, which are

assumed to reflect the 5f states only, are plotted in figure 2. We can see that the 5f spectral

weight exhibits a broad triangular peak culminating at Ef and extending over approximately

leV in both samples. The 5f D.O.S. at the Fermi energy does not strongly increase with boron

concentration as predicted by the band calculation; on the contrary, we observe an intensity

decrease and a slight broadening. Then, the 5f spectral function appears to be quite insensitive

to the changes in hybridization and 5f localization and interpretation of these 5f photoemission

spectra in terms of single-particle density of states obtained from band calculation seems to be

not relevant. In a recent work, we show that models used in high correlated systems like cerium

compounds are more appropriate to describe these spectroscopic results [2].

su

URhc URh3B0-75

i—i—i—1—i—i i i 1

1.0 -0.5 0.0 -1.0 0.5 0.0
Energy [eV] Energy [eV]

Figure 2: 5f spectral weight determined by the differences between Hel and Hell spectra

for the two samples. The line is a guide for the eyes.
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ELECTRO-OPTIC PROPERTIES OF 4-(N,N-DIMETHYLAMINO)-3-ACETAMIDONITRO-
BENZENE (DAN) BULK CRYSTALS AND FREQUENCY DOUBLING IN SINGLE
CRYSTAL CORED FIBERS

P. Kerkoc and P. Günter
Institute of Quantum Electronics, Swiss Federal Institute of Technology

ETH-Hönggerberg, CH-8093, Switzerland

The dispersion of the linear electro-optic coefficients of DAN bulk crystals was measured. We used high

quality samples prepared in our laboratory. The obtained values at the He-Ne laser wavelength (X 633 nm)

are r22 (12 ± 1) pm/V, r32 (13 ± 2) pm/V, r12= (4.0 ± 0.5) pm/V and r52 (- 0.7 ± 0.2) pm/V. Near to the

blue transparency cut-off at X 496.5 nm the largest linear electro-optic coefficient reaches a value of r32

(36 ± 4) pm/V and a half-wave voltage US (1.2 ± 0.4) kV. For DAN single crystal cored fibers 4 - 5 mm in

length and of a diameter 4 - 5 \m\, second-harmonic conversion efficiencies were achieved of up to 25% for

doubling the 1064 nm line of a pulsed Nd:YAG laser with a fundamental peak power of 7.5 W.

The molecular crystal 4-(N, N-dimethylamino)-3-acetamidonitrobenzene (DAN) is very
attractive for nonlinear optical applications due to its large nonlinear-optical susceptibility coefficient

d23 50 pm/V [1]. Another second-order nonlinear optical effect, the linear electro-optic Pockels

effect, is the topic of this investigation. Since only the (001) crystal face of monoclinic DAN
crystals (point group symmetry 2) [2] can be polished with a high optical quality, the following
procedure was developed for the measurement of linear electro-optic coefficients. Silver electrodes

were deposited on the (010) crystal faces and an electric field was applied parallel to the y- axis of
the principal dielectric system. The orientation of the principal dielectric system (x, y, z) relative to
the geometry of a DAN crystal is given in ref. [1]. For this configuration the linear electro-optic
coefficients r^, r32, r12 and r52 are accessible. For the measurement of the electro-optic coefficients
the sample was set on a rotating stage and rotated around the y- axis. Two different polarizations of
the beam, parallel to the y- axis or the x - z plane of the principal dielectric system were selected by
a polarizer. The mounted crystal was placed in an arm of a Michelson interferometer for the

measurement of the field induced phase retardation, as described elsewhere [3]. For the polarization
of the beam parallel to the y- axis the r22 could be obtained directly. For the evaluation of the

electro-optic coefficients r12, r32 and r52, the beam was polarized parallel to the x - z plane and the

crystal was rotated clockwise and counter - clockwise around the y- axis. For every incidence angle
S of the light beam, the effective linear electro-optic coefficient reff was measured. The individual
coefficients were then obtained by fitting the data to:

reff T32 C0S28 + X\2 SÌn28 + T52 sin 25 (1)

The procedure was repeated at several wavelengths (two Ar+, He-Ne, Rhodamine 6G dye) and the

obtained linear electro-optic coefficients rm2 (m 1, 2, 3, 5) with the corresponding reduced half-
wave voltages U^p are listed in Table I.
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Table I. Linear electro-optic coefficients rm2 (m 1, 2, 3, 5) and the corresponding reduced half-

wave voltages U^ X / (nirm2) of DAN crystals for light propagation along the axes of the

principal dielectric system (1 x, y, z) at different wavelengths of laser light.

X (nm) r27[pm/V] r32[pm/V] r„[pm/V] r57[pm/V] U$(kV) U$ (kV) US (kV)
632.8 12 ±1 13 ±2 4.0 ± 0.5 -0.7 ± 0.2 12 ±4 8±4 36 ±10
585.5 14 ±1 15 ±2 5 ± 1 -1.0 ±0.3 10 ±2 6±2 32 ±6
514.5 22 ±2 25 + 3 7.3 ±1.5 -1.5 ±0.4 4±1 2±1 18±4
496.5 32 ±2 36 ±4 8.0 ± 2 -2.1 ± 0.6 2.0 ±0.6 1.2 ±0.4 14 ±2

The linear electro-optic coefficients of DAN measured in our experiments at a modulation

frequency of 1 kHz are about a magnitude lower than that potassium niobate with the r42= 380

pm/V at the wavelength X 633 nm [4]. But they are expected to be larger than the ones found in

most inorganic ferroelectric crystals at high modulation frequencies (~ 1 GHz), where lattice
vibrations are clamped and the electronic contributions dominate.

Second-harmonic generation (SHG) experiments were performed on DAN single crystal cored

fibers of 4 - 5 mm length and 4 - 5 pm in diameter. As laser sources we used an Nd:YAG
pumped optic parametric oscillator (OPO) and a pulsed Nd:YAG laser (BMI 501 DNS). It was
observed that DAN fibers were phase-matchable for the whole spectral range (960 - 1200 nm)
achievable with the existing OPO for the propagation direction of the fundamental beam along their

growth crystallographic a- [100] axis. For fundamental beams composed of the idler I(ûJl^ and

signal S(0>2) waves in the spectral range of 1100 - 1000 nm of the OPO, a total conversion

efficiency of 10% was measured for a fundamental peak power of 7.5 W. Besides frequency
doubling (l(t0l)-> I(2<B>>) and (s(C02)-> S(2c02)) also a phase-matched sum frequency (l(COl)+ S(C02) ->
(S+I)(toi-HOj) was generated The SHG experiments with the Nd:YAG laser (X 1064 nm) gave
conversion efficiencies up to 25% for the same fundamental power. The discrepancy between the

conversion efficiencies can be accounted to the relatively wide spectral width of the OPO (20 - 30

nm) which is much larger then the acceptance band width of AX 0.12 nm at the dispersion

parameter D^ 0.53 for a crystal thickness d 4 mm as compared to the spectral width of 0.07

nm observed in the Nd:YAG laser.

This work was supported in part by the Swiss National Foundation (NFP 19: Materials for
Future Technology).
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High-field magnetoconductivity of electrons on liquid helium

P. Scheuzger, J. Neuenschwander, and P. Wyder

Max-Planck-Institut für Festkörperforschung, Hochfeld-Magnetlabor, BP 166X,
F-38042 Grenoble Cedex, France

We have measured the longitudinal magnetoconductivity <rxx of a nondegenerate two-
dimensional gas of electrons on a liquid helium surface in high magnetic fields. At strong
fields, deviations from the classical parabolic behaviour are observed. We compare our
results with a quantum transport theory of short-range scattering within broadened Landau
levels.

Electrons deposited on the surface of liquid helium form one of the simplest and most ideal
two-dimensional electron systems. At all practical temperatures, the Fermi energy Ef <C kT so

that we deal with a nondegenerate two-dimensional electron gas (2DEG). For temperatures above
1 K the scattering is completely determined by collisions between electrons and vapor atoms. In
the presence of a strong magnetic field perpendicular to the layer, the motion of the electrons is
restricted to Landau orbits and the energy spectrum becomes discrete. To calculate the electron
transport in this case, a quantum mechanical description is required.

The main purpose of the present work is to explore the magnetoconductivity of electrons on
helium in the extreme quantum limit. Measurements were performed for temperatures of T
1.5 — 2K and magnetic fields up to 22T.

To investigate the conductance of the electrons on helium we used the Sommer-Tanner technique
[1] in an experimental cell with a Corbino geometry [2]. Electrons were deposited on the helium
surface by pulse-heating of a tungsten filament. We measured the complex impedance presented by
the Corbino geometry with a capacitance-conductance bridge in conjunction with a dual-phase lock-
in amplifier. From this the conductance of the 2DEG was determined using a simplified equivalent
circuit analysis [2]. The electron density ne was calculated from the vertical holding field and was
of the order of rae 107 — 108cm~2.

At fields B > 10T we observed a deformation of the helium surface due to the diamagnetism
of 4He and radial field gradients. Minimizing the sum of gravitational and magnetic energy we
calculated the shape of the surface. The deformation causes a redistribution of the electrons, i.e.

ne ne(r,B) (r: distance from the center). Since axx oc ne we can correct the measurements for
this effect.

At low magnetic fields we observe classical magnetoconductivity as described by the Drude
model. For higher magnetic fields the system enters the quantum limit, i.e. huc > kT (u>c: cyclotron
frequency) and the curves show a reduced field dependence. High field magnetoconductivity is
governed by intra Landau level scattering. In the presence of impurities, the Landau levels are
broadened. Neglecting scattering by clusters of impurities, Ando and Uemura get a semi-elliptic
DOS [3]. Including multiple-scattering processes, Ando [4] and also Gerhardts [5] get a gaussian
DOS (for S-like impurities). From these DOS combined with Boltzmann statistics, axx(B) can be
calculated analytically. For a semi-elliptic DOS we get

,m 2coth(huc/2kT) f ^{T\ kT
,_ / V \\ nee°-{B) Tmk (cosh fe) - tsmh (if)) -f
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FIG. 1. Inverse magnetoconductivity of electrons on liquid helium. Helium height h at B — QT is
(a) h 0.49mm, ne 1.2 x 108cm~2, (b) h 1.04mm, ne 5.6 x 107cm-2

For gaussian DOS we get

K ' 4 kT exp UfcrJ C0th(5ifJ^" where F :

he 2B

%ßo

is the half-width of the Landau level. Ix is the modified Bessel function of order 1 and /j0 is the
zero-field mobility. In Fig.l aXx(0) neepo was calculated with values for no according to [6]. To

get rid of a geometrical factor and also to be independent of the electron density ne, we plot the
ratio axx(0)/axx(B). We normalized our data and also the theoretical curve for semi-elliptic DOS

to the value of the theoretical curve for gaussian DOS at 10T. Assuming an experimental linewidth
Texp 2r^eor as reported in [2] we get good qualitative agreement between our high-field data
and the theoretical calculations for gaussian DOS.

In conclusion, we have measured the high-field magnetoconductance of electrons on liquid
helium. Our data can be fitted by theoretical calculations which assume a gaussian DOS. The
experimental linewidth Texp resulting from this fit is larger then the value predicted by the theory.

We wish to thank R. van der Heijden and A. Janssen for communicating much advice on their
experimental techniques. We are grateful for contributions from W. Joss, J.C. Maan and G. Maret.

References

[1] W.T. Sommer and D.J. Tanner, Phys.Rev.Lett. 27 (1971) 1345.

[2] R.W. van der Heijden et al., Europhys.Lett. 6 (1988) 75.

[3] T. Ando and Y. Uemura, J.Phys.Soc.Jpn. 36 (1974) 959.

[4] T. Ando, J.Phys.Soc.Jpn. 37 (1974) 622.

[5] R.R. Gerhardts, Surf.Sci. 58 (1976) 227.

[6] M. Saitoh, J.Phys.Soc.Jpn. 42 (1977) 201. (1972) 859.



172 Rapport de la Réunion d'automne de la SSP H.P.A.

Tentative Cellular Automaton model for a Solid-Liquid-Gas system

on a hexagonal lattice

D.G. Maeder
Section de Physique, DPNC

Université de Genève, CH 1211

Moving particles of ideal gases are represented by the 6 low bits (#0..5) of the cell state
using C.A.rules of the well-known FHP model[l]. An extended version using an additional bit
(#6) to represent particles at rest assumes creation or annihilation of such "cold" particles with
equal probability whenever the respective collisions conserve the momentum. One might be

tempted to define an effective temperature derived from the ratio of total numbers of "hot" (i.e.
moving) to "cold" particles in the system. We have made computer runs on a 100 x 100 cell FHP
model in which the "cold" particle annihilation or creation probabilities were set proportional
to a Boltzmann factor exp(—/3) or its complement resp.) by a random generator, and observed

satisfactory agreement with the expected relation Tenr x ß const.
Other extensions of the FHP model are being studied for representing deviations from ideal

gas behaviour. Very recently, Chen et al. [2] have described a model where head-on collisions
between gas particles may result in the creation of "bound pairs" that can be interpreted as

particles of a different phase, such as a liquid. Evaporation/condensation probabilities are
governed by exponential functions, in a similar manner as indicated above except that exponents
in the Boltzmann factor have to be multipHed by the number of bound pairs in the neighbourhood
which aU contribute to a cohesion force potential. In [2] however, no cold gas particles were
considered; consequently the remaining gas always appears quite hot, even when most of its
particles have wound up in the condensed phase.

Having experimented with the FHP model extended to the T^r concept explained above,
it seemed to us quite natural to attribute a cohesive force potential to all neighbouring particles
at rest, and thus even to go one step further: using two additional bits (#6,7) for defining the
ceU state allows distinction of 3 different kinds of particles at rest, assigned to

- single gas particles(mass=l), or
- bound pairs (liquid, mass=2), and
- triplets (solid, mass=3).

The sum of all these masses at rest in the hexagonal neighbourhood (including the center
cell) could - without any selective guiding restrictions - attain a maximum of NR 21 units
at very low temperatures. We have tentatively introduced a cohesive force increasing up to
NR 4, while for NR > 14 an increasing repulsion opposes the growth of Ein unstructured
lump of coherent solid mass. A surface term rule favours the formation of droplets in the liquid
phase, while triplet formation is subject to restriction rules that give the solid mass a dendritic-
like appearance, with an average mass density close to the liquid one. At the present stage, the
gas-liquid transition occurs around ß « 1.5 while below ß ss 4 only gas and solid particles can
coexist. A more detailed paper wiU be published elsewhere.

[1] Frisch U, Hasslacher B, and Pomeau Y, Phys.Rev.Lett. 56,1505(1986).
[2] Chen H, Chen S, Doolen GD, Lee YC, and Rose HA, Phys.Rev.A 40,2850(1989).
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EVALUATION EXPERIMENTALE DU COURANT DE DESTRUCTION DE L'ETAT
MIXTE A DEUX DIMENSIONS DANS LES COUCHES MINCES D'INDIUM

A. Cossy-Favre, E. Holguin, B. Dutoit et L. Rinderer

Institut de Physique Expérimentale de l'Université de Lausanne, CH-1015
Lausanne.

RESUME
Nous présentons une théorie macroscopique donnant la variation du courant de
destruction (Jm) de l'état mixte à deux dimensions (M) en fonction de la
température. Des expériences réalisées sur des couches cylindriques minces
d'indium ayant une épaisseur de 5A\im, montrent que les densités de courant
nécessaires à la destruction de cet état peuvent atteindre 105 A/cm2. Sur la base de
ces mêmes expériences, la théorie permet de calculer l'épaisseur de l'état M qui
serait de l'ordre de la longueur de cohérence.

1. INTRODUCTION
La destruction de la supraconductivité dans un cylindre creux de type I, par un
courant surcritique J > Ic, provoque l'apparition de l'état mixte à deux dimensions
(M) à la surface intérieure du cylindre [1]. Cet état possède une très faible résistivité
et sa dimension est de l'ordre de la longueur de cohérence t, [2]. Pour des
échantillons très épais, il peut être détruit en appliquant un courant Im r-i Ic/2^ [3],
où r2 est le rayon externe du cylindre.
Nous avons cherché à définir ce courant de destruction pour des couches minces
d'indium dont l'épaisseur e —? E,.

2. PARTIE EXPERIMENTALE ET DISCUSSION DES RESULTATS
Les couches minces ont été évaporées sur des tiges de quartz de rayon ri dont une
des extrémités était accrochée à l'essieu tournant d'un moteur. Afin d'atténuer les
vibrations, une vitesse angulaire œ 0.1k rad/s a été choisie.
Les caractéristiques courant-tension ont été mesurées en a.c. pour éviter au
maximum réchauffement des échantillons. Nous avons soumis l'échantillon à un
courant formé d'impulsions carrées de 1ms de longueur générées à une fréquence
de 1Hz.
A partir de la formule donnant fm dans le cas des échantillons très épais, on calcule
la densité de courant /m nécessaire à détruire l'état M:

Cette densité de courant peut être plus facilement atteinte dans les couches minces.
Une étude préalable [4] faisant intervenir le rôle de l'état intermédiaire (L) dans ces
couches, a permis d'établir que

h (e - S)2
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où I\ est le courant de destruction de l'état L. Nous voyons que si e —? £ alors I\ ~ Ic,
et la densité de courant permettant l'élimination de l'état M dans l'échantillon est
celle donnée par la relation (1).

100000

J 60000

40000

~-~ théorie
° expérience

JT" 80000

3 Indium
e 5.1 um

03.4K
353

Ö300K

r; CU5mm

U.90 0.92
T/Tc

Fig.l

0.94 0.96

Densité de courant de destruction de l'état mixte à deux dimensions.

La Fig.l montre des résultats obtenus sur une couche d'indium de 5.1 um
d'épaisseur. Elle représente la variation de /m en fonction de la température réduite
T/Tc dans un domaine de température. Les valeurs expérimentales de l'épaisseur
de l'état M peuvent être calculées d'après [3] en mesurant la pente m e/(£ - <jj) de la
caractéristique, lorsque I\< I <Im. L'épaisseur de l'état M ainsi déterminée peut
convenablement se mettre sous la forme a^, où a (ici valant 1.6) est un facteur
numérique dépendant essentiellement de l'état résistif de la couche.

3. CONCLUSION
Ces résultats permettent de dire que l'épaisseur de l'état M est de l'ordre de la
longueur de cohérence et que la variation de /m en fonction de T/Tc est conforme à

la théorie.
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ANOMALOUS FIELD DEPENDENCE OF CRITICAL CURRENT IN
FILMS MADE BY THE LASER ABLATION

Bl2Sr2CaCu208+y

Takeshi Fukami*, Takashi Yamamoto Yuuji Yamasaki
Kazuhiro Miyoshi Yuuji Horie and Leo Rinderer

Institute of Experimental Physics, University of Lausanne
CH-1015 Lausanne-Dorigny, Switzerland

(*0n leave from Department of Physics, Kyushu University, Fukuoka 812)
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Abstract : We have measured the field dependence of critical current as a
parameter of temperature in Bi„Sr?CaCu20ft+ films prepared by laser ablation
technique. The field dependence nad an arj?upt change in a threshold field H„
which decreases as the temperature increases. The plots of H„ versus T may
suggest a phase transition from rigid flux lattices to a flux-lattice melting
state.

Recently, as one of the hopeful candidates for explanation of an abnormally
broad resistive transition width in magnetic field [1-6], a transition from
rigid magnetic flux lattices to a flux-lattice melting state has been
researched. The flux-lattice melting has been also investigated theoretically
taking into account the wavevector-dependent elastic moduli for flux lattices
and the crystal anisotropy. In particular, Houghton et al.[7] estimated a
phase diagram of the flux-lattice melting on the temperature T-magnetic field
H plane. Our aims of the investigation are to confirm some clear sign of the
phase transition on the field dependence of the critical current and to
confirm a phase diagram on T-H plane expected by the theories.

Thin films with about 1 jum thick were deposited on single crystalline
MgO(lOO) substrates by the laser ablation method using Ar-F gas excimer pulse
laser[5]. The electrodes were fabricated by evaporating silver metal. The
resistance measurements were carried out by traditional four probe method in
magnetic fields up to 11 T.

Figure 1 shows the plots of log J

versus log H as a parameter of temperatures.

The data shown in Fig. 1 were
obtained for H//c-axis under 2 yuV

criterion. In low field region, these
plots had a similar behavior that J
decreased linearly, but in high fieîd
region very different behaviors were
observed depending on the temperature.
At 10 K and 15 K, the dependences were
almost linear over field region from
0.05 T to 11 T. But at higher temperatures

than 20 K, the dependences
became strong in high magnetic field
region. In particular, the change
became stronger at temperatures higher
than 27.5 K. Here, let us define a
threshold field as a crossing point
of a straight slope in low field region
and one in high field region in log J

10' - H//c-axis

¦'¦¦mv.^
«fk3v.10 K

\275 i\10 32 5

10
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Fig. 1 Field dependence of J
as a parameter of T for

for H//c-axis.
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versus log H curves. This point shifts to the
weak field side as the temperature increases.
For the case of Hlc-axis, similar behaviors
were observed, but at temperatures lower than
40 K the clear bending could be observed only
for a few temperatures within 11 T. Using the
values of H„ determined thus, plots of HT
versus T are shown in Fig. 2. For H//c-axis,
these plots are limited within:very narrow
temperature region. The plots of the case of
HXc-axis seem to shift to higher temperature
side though only two points are obtained.

As was described in preceding paper, the
weak J would originate from microbridges
formed between superconducting grains, which
work on as weak links for critical current.
Since as-deposited films are in an amorphous
state and they crystallize after an
appropriate thermal processing, weak links may
be formed between superconducting grains
during this process.

What is the origin of the abrupt change
of the J versus H plots at high temperature
region? One of the most hopeful candidates to explain the field dependence of
J may be a transition from a rigid flux lattice to a flux-lattice melting
state as the temperature increases. Gammel et al. used this concept to
explain the mechanical properties in YBa„Cu„0_ and Bi„ „Sr^Ca. „Cu„0„ in
magnetic field [8]. They obtained a phase diagram on â T-H plane for this
type of phase transition. This is very similar to one shown in Fig. 2. And
this diagram is also very similar to one expected from the theoretical
investigation by Houghton et al.[7]. Thus, abrupt change of J in J versus H

plots as a parameter of T may be ascribed to the transition to the rlux-
lattice melting.

10 20 30 40

T(K)
50 60

Fig. 2 Threshold field HT
versus temperature.
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A HYSTERESIS OF MAGNETIC FIELD DEPENDENCE OF CRITICAL CURRENT IN

Bi2Sr2CaCu208+y FILMS PREPARED BY LASER ABLATION

Takeshi Fukami*, Terukazu Nishizaki**, Takashi Yamamoto***,
Takafumi Aomine*** and Leo Rinderer

Institute of experimental Physics, University of Lausanne
CH-1015 Lausanne-Dorigny, Switzerland

(* On leave from Department of Physics, Kyushu University, Fukuoka 812, Japan)
** Department of Information Systems, Kyushu University, Kasuga 816, Japan

'"Department of Physics, Kyushu University, Fukuoka 812, Japan

Abstract : We measured the magnetic field H dependence of critical current lc in

BÌ2Sr2CaCu208+y (BSCC) films with c-axis orientation as a function of temperature T.
A hysteresis of lc versus H observed at the low temperatures became weaker as T
increased and vanished at about 68 K. This hysteresis comes from the non-reversibility
of lc due to the pinning for the fluxoid in the bridge in the BSCC films.

Oxide superconductors have exhibited a pronounced broadening of the resistivity
versus temperature T curves in the magnetic field H [1-4]. This broadening has been
also observed not only under I1H but also under I//H [[2,4], here I is current vector and
H magnetic field vector. This result shows that the macroscopic Lorentz force does not
play any important role for the broadening. Therefore, we have examined whether the
broadening is associated with the existence of bridges which work as weak links for lc.
One of the methods to certify the existence of bridges is to observe a hysteresis on the
critical current lc versus H when magnetic field is increases and decreases, because
this hysteresis is originated from the existence of bridges as weak links [5-6].

The thin films were deposited on single crystalline MgO(100) substrates by the laser
ablation technique using Ar-F excimer pulse laser [3] The c-axis of crystal almost
orients perpendicular to the surface of the substrate. A zero resistivity temperature was
78.0 K. The lc was measured by the same method as in previous works [5-9]. The lc

was taken to be the current at which the sample voltage reached 3u.V.

Figure 1 shows typical H dependences of I at five temperatures for H//c-axis and Fig.
2 shows typical H dependences of lc at three points of temperature for Hlc-axis. The
characteristic behaviors are summarized as follows. (1) A hysteresis is observed for
H//c-axis, becomes weaker as the temperature increases and disappears at about 68 K.

It can not be, however, observed for Hlc-axis between 4. 2K and 78 K for LLH (2) The

field dependence of lc for Hlc-axis is weaker than one for H//c-axis. (3) The noisy
signals on the lc at low temperatures become weaker as the temperature increases.

The SEM photograph in the previous work [3] shows that BSCC films on MgO
substrate at room temperature prepared by the laser ablation technique consisted of
irregular crystalline grains and pores. In addition to the above fact, the current density
Jc was small compared with the values of Jc in refs. 10 and 11 ; Jc =8x104 A/cm2 at 77 K
and Jc 105 A/cm2 at 61 K, respectively. Then, the Jc of the films prepared by the laser
ablation method would be determined by such a weak link as a bridge.

It has been shown that the hysteresis of Jc of superconducting granular aluminum
bridges prepared by photolithography in low values of H, disappears as the
temperature increases [6]. Furthermore, the lc versus H curve in the Nb constant
thickness bridge did not show any hysteresis for I//H, but when the H inclined only by 4

degrees from I, the clear hysteresis appeared [8]. And the cases for hysteresis to
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disappear are in the following: the constricted part is too long for the electrical influence
of the wide part adjacent to the constricted one to reach or the bulk pinning is dominant
over the edge pinning. As for our films, for H//c-axis appropriately constricted part of
bridge would exist also in films and they would enter a state in which at least one of the
conditions mentioned above would realize effectively as the temperature increases. For

Hlc-axis, the bulk pinning may be dominant over the edge pinning [9]. The anisotropic
behaviors of lc versus H would be ascribed to the anisotropy of pinning force at bridges
as weak links because of the preferred orientation of c-axis of the film.
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11 OK Bi-SYSTEM FILMS PREPARED BY RF-MAGNETRON SPUTTERING
WITH COMPOUND TARGET
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Institut de Physique Expérimentale, Université de Lausanne,
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Abstract: The high-Tc Bi-system films (Tc> 100 K) could be obtained by a conventional method. The
films were rf-magnetron sputtered from a compound target which was prepared by the mixture of BÌ2O3,
CuO, SrC03, CaCOg and PbO powders. After annealing, the temperature dependences of the electrical
resistivity and the critical current density were measured. These experimental results show that the films
have metallic characteristics with 7"c(onset) >110 K and Tc(zero) - 105 K and they have mainly 110 K
phase with small quantity of 80 K phase.

1. INTRODUCTION
High Tc Bi-system [1] is very interesting with the critical temperature Tc value in the range of

11 OK. The multiphase nature and the complicated structure make difficult to obtain the high
quality thin films. The sputtering method is one of the suitable methods to fabricate high Tc
films[2,3]. The high Tc Bi-system films with Tc > 100K could be obtained by a conventional
sputtering method with a compound target. The electrical properties were measured and were
discussed in view of the annealing conditions.
2. EXPERIMENTAL RESULTS AND DISCUSSIONS

The films were deposited on the (100) face of single crystal MgO substrate by rf-magnetron
sputtering with a compound target. The target was prepared by the mixture of BÌ2O3, CuO,
SrC03, CaC03 and PbO, where the composition were adjusted to Bi:Pb:Sr:Ca:Cu 2:1:2:2:3.
The target of 100 mm<j> x 5 mm was formed by only pressing with a weak pressure. The
sputtering power, time, gas, pressure and substrate temperature were 100 W, 120 min, Ar, 0.1
mBar and 600 °C, respectively. The as deposited films had very high electrical resistivities
which were more than 10 £2-cm at room temperature and did not show any superconductivity.
The films were annealed at 840 - 860°C in air for 0.5 or 1 hours. The samples were put in and
out to the heated furnace as soon as possible and the temperature change is estimated to be
higher than 100 °C/min.

The resistivity and the critical current were measured for mechanically patterned bridge
(length: <1 mm, width: <0.5 mm, thickness: ~2 u,m) by the 4-probe technique. The temperature
T of the sample holder was controlled between 10 and 295 K in a closed-cycle refrigerator.
The electrical resistivity p was determined by the gradient of the current-voltage {I-V) curves at
/ ±10 \iA at each stabilized temperature. The critical current density Jc was obtained from the
value of / at V ~ 20 (iV. All of these measurements were realized by the computer-controlled
system with high stability and accuracy.

Figure 1 shows the T-p characteristics of the films annealed under various conditions,
where the p values are normalized by the value at 295 K (E3-1: 6.0 mi>cm, E3-3: 10 m£>cm,
E4-20: 4.7 mil-cm, E5-20: 17 mîî'cm). The characteristics strongly depend on the annealing
temperature as shown in Fig. 1. The sample E5-20 which was annealed at 855 °C for 1 hour
has 7"c(onset) >110 K and T^zero) ~ 105 K. The samples annealed at temperature lower than
850 K have lower values of Tc(zero) (for example E3-1: 72 K, E3-3: 90 K). The samples
annealed at temperature higher than 860 K also have lower 7"c(zero) (for example E5-20: 78
K) and have rough surfaces which sometimes seem to be meshes. Figure 2 shows the T-dp/dT
characteristics normalized by the value of P295K/295K, where the line of p « T must be the
constant value of 1. The resistance drop of E4-20 starts from 135 K and the peak of dp/dT is
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115 K as shown in Fig. 2. It indicates that the superconducting fluctuation may start from 135 K
and the main parts have the transition temperature of 115 K.
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Fig.2 Temperature dependence of dp/dT
normalized by the value of P295K/295K.

The samples E4-20, E4-s1 and E4-s2 annealed under the same condition show similar T-p
characteristics. The T-Jc characteristics are shown in Fig. 3. The maximum value of Jc is about
104 A/cm2 and these three samples has similar values and temperature dépendance of Jc as
shown in Fig. 2. The curves in Fig.3 slightly changed about at 80 K. The differential were
calculated in order to emphasize the changes and the the value of dJc/dT clearly changed at
80 K as shown in Fig. 4. It indicates that the films contain the 80 K phase, but it seems to be not
so large proportion as shown in Fig. 3.
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Abstract
We describe the dynamics of flux penetration through the wall of superconducting, tubular
(YBaCuO)i-*Agx samples, when an external magnetic field is suddenly applied. The flux penetration
is characterized by a delay and a time constant which go through a maximum for x 0.3.

1. Introduction
In previous papers [1,2] we have investigated the dynamics of flux penetration in hollow

YBaCuO samples when an overcritical magnetic field, produced by a coil surrounding the sample,
is suddenly applied. This phenomenon is characterized by a delay At 1 (is) and a time constant

T(=10|is).
We already measured an (YBaCuO) uxAgx sample with x 0.1 [3]; we here investigate

the dependence of At and Ton x, at T 77 K, for higher values of x, up to 0.5.

2. Experimental procedure and results
The ceramic samples (jc 0.1, 0.2, 0.3 and 0.5) were prepared by mixing appropriate

quantities YBaCuO powder prepared in the standard way with Ag20. The mixture was ground
and sintered, compacted into bars, and annealed for two days at temperatures between 900° C and

1040° C in oxygen. Subsequently, in the course of two days, the samples were cooled down to

room temperature. In the next step, the samples were mechanically machined to their final tubular

form (8-10 mm length, 4 mm outer diameter). With the addition of silver, the ceramic material
becomes extremely hard; a diamond-tipped drill is required to bore the inner 2 mm hole.

The experimental setup has been published elsewhere [3]. A solenoid made of 20 unevenly
spaced turns of wire generates in the sample volume a field which is uniform within ± 2%. An
inner pickup coil measures the rate of variation of the magnetic flux in the center hole. We first
determine the shielding magnetic fields f/sh and //shr, respectively in single-shot and repetitive
modes. //shr is larger than Hsh when a magnetic flux is trapped in the sample.

If we suddenly apply an external magnetic field H > Hsii, the vortices first occupy a layer
of thickness A, on the external surface, and then diffuse into the whole sample due to their

interacting forces. After a delay At, a front of vortices reach the inner wall and the pickup coil
begins to sense a magnetic flux. Figure 1 shows a typical response v(r) obtained with x 0.2,

when B ß0H 57.3 G. The delay (s 4 u.s) can be precisely determined using the whole set of
data. The experimental points are well fitted by a function of the form
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y(t) « H(i-Ar) exp
t-At\

-exp
t-At (1)

Tl / M T2

where H is the Heaviside function, Tj 35 (is) is the penetration time constant and T2 (s 2 (is)
is a much smaller time constant characterizing the finite rise time.
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For x 0.1, the values of At and tY are close to their values for x 0 [2].
For j: > 0.2, the values of At and tl are much larger than those observed in YBaCuO

without silver [2]. The interstitial silver probably constitutes a source of pinning centers which

delay the motion of the vortices. At is increased by about an order of magnitude; t: is multiplied
by a somewhat smaller factor. Both At and Tj are maximum for x 0.3.

All samples show the same kind of dependence on the applied field H.

3. Conclusion
The dynamics of flux penetration in (YBaCuO) i_x Ag^. is well characterized by a delay and

a penetration time constant. These materials show a great environmental stability.
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Spin - Polarization of the Electrons Thermoemitted from Fe
and Ni

A. Vaterlaus, F. Milani, and F. Meier

Laboratorium für Festkörperphysik, ETH Hönggerberg, 8093 Zürich, Switzerland

Electrons thermoemitted from Fe and Ni at temperatures below the Curie

temperature are unpolarized.

For a sample having a photothreshold of 1.4 eV and a temperature of 450 K a

thermoemission current of 1 nA is expected [1] and observed. According to band

structure calculations [2] a spin - polarization of -75 % and -4% is predicted for
electrons 1.4 eV above the Fermi level in Fe and Ni respectively. However the

measured polarization of the thermoelectrons is zero. The thermoemitted electrons

loose their initial spin - polarization during the thermoemission process. In
contrast, in photoemission the spin - polarization is conserved.

The samples were cylinders (5 mm diameter, 6mm long) of single crystalline Ni
and high - purity polycrystalline iron. Standard surface preparation techniques were

applied: Repeated cycles of Ar+ sputtering (1000 V) and annealing at 800 K. In order

to lower the photothreshold a submonolayer of Cs was deposited onto the sample
surface. In this way photothresholds of 1.4 ± 0.05 eV were obtained for both

materials. It was found that the cesium stuck better to surfaces which were mildly
sputtered before deposition. Then, even at the highest measuring temperature
(450 K) no desorption of Cs took place ensuring a constant photothreshold. The spin
- polarization P of the emitted electrons is measured by Mott scattering [3]. P is

defined as (NÎ-N-l)/(NÎ+N4.) where NÎ(Ni) is the number of electrons with spin

magnetic moment parallel (antiparallel) to the surface normal.

Figure la shows the spin - polarization of the photoelectrons (full circles) and of
the thermoelectrons (open circles) emitted from Ni(lll) as function of the external

field H. H is applied parallel to the surface normal. For thermoemission the sample
is held at 449 K. The polarization of the thermoemitted electrons vanishes over the

whole field range. Photoemission is performed at 406 K. For this temperature the

thermocurrent becomes negligible compared to the photocurrent. As light source

the 2.15 eV line of a HgXe lamp was used. The polarization of the photoelectrons
does not vanish, therefore it is concluded that the sample is magnetic. It is saturated
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FIG. la Field dependence of the spin - polarization of the electrons thermoemitted (open circles,
T 449 K) and photoemitted (full circles, T 406 K) from Ni (111). The work function is 1.37 eV.
Photoemission is done with 2.15 eV light from a Hg - Xe lamp.
FIG, lb. Open circles: Spin - polarization of the electrons thermoemitted from polycrystalline
iron as function of the external field. The temperature is 423 K and the work function is 1.42 eV. Full
circles: Superimposed to the unpolarized thermocurrent at 423 K is the photocurrent excited with 2.15

eV. Photocurrent and thermocurrent contribute an equal amount to the total electron yield.

along the surface normal for external fields exceeding 3.5 kOe.

The polarization of the electrons thermoemitted from iron is plotted in Figure
lb as function of the external field (open circles). The temperature of the sample is

423 K. The experimental outcome is the same as for Ni: P of the thermoemitted

electrons vanishes. In order to probe the magnetic state of the sample it is exposed to

2.15 eV light from a HgXe lamp. The lamp intensity is adjusted such that the

electron yield consists of an equal amount of thermocurrent and photocurrent. The

polarization of the total electron yield is displayed by full circles in Figure lb. P is

different from zero due to the emission of polarized photoelectrons, which probe
the magnetization along the surface normal of the sample [3].

The measurements displayed in Figure la and lb show that the thermoemitted

electrons carry no information about the magnetic state of the sample from which

they are emitted. Their polarization is not accounted for by a single particle band

structure.
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Sidebranching of Xenon Dendrites

E. Hürlimann, V. Peschak and J.H. Bilgram
Laboratorium für Festkörperphysik, ETH, 8093-Zürich

The sidearms of xenon dendrites growing into supercooled melt
have been investigated for supercoolings 60mK < AT < 150mK.

The spatial frequency and its coarsening has been determined.
The sidearms grow on the top of the fins of the dendrite. The

maximal amplitude w of the sidearms has been measured as a

function of their position U at the fin. We find w ~ tp1-72

independent of the supercooling.

The experimental setup is similar to the one described in
[1] The growth vessel (Fig. 1) immersed in a liquid bath is
filled with about 80 ccm liquid xenon and cooled down to some mK

below the triplepoint temperature. Crystal growth is initiated
by the capillary injection technique. The dimensions of
dendrites are small compared to the volume of the growth vessel.
There are no confinement effects [2] The dendrites are imaged
by a self-built periscope at a CCD-camera with a resolution of
about 8 |im. These highly contrasted pictures are digitized and
the dimensions of the sidearms have been determined by computer
and image processing.
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Fig.2 Contour of a xenon dendrite

Fig. 2 shows a dendrite grown at AT 150 mK. The sidearms
develop on top of the fins of the dendrite. The shape of the
fins is fitted by the parabola P which is drawn to fit the shape
of the dendrite tip. The amplitude of the sidearms on top of the
fin is designated by w. In Fig. 3 w is plotted vs. the length (p

of the parabola P. Dendrites of all AT are included, w and (p are
scaled by the sidearm spacing S [1] The spread of the points
results from the inaccuracy of our parabola fit. The line which
is drawn to guide the eye corresponds to (w/S) ~ (Jp/S) 1-72.
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General Relations between the Restrictions Imposed by Different
Point Groups on the Form of Property Tensors

H. Grimmer

Paul Scherrer Institut, 5232 Villigen PSI, Switzerland

If the form of a property tensor is known for those crystallographic point groups (CPGs)
that consist of pure rotations only, it can immediately be given for any CPG. This is clear

for tensors that are invariant under space inversion ï but also holds for those that change

sign under I. The result can be generalized to limiting point groups (LPGs, which contain
oo-fold rotation axes) and to magnetic point groups.

Tensors describing material properties are invariant under the point group of the material
under consideration. This requirement puts restrictions on the form of the tensor that depend
on its rank, internal symmetry, and its behaviour under Ï. Ordinary tensors of even rank and

pseudo tensors of odd rank are invariant under ï (i-tensors); ordinary tensors of odd rank and

pseudo tensors of even rank change sign under ï (c-tensors). The form of an i-tensor depends

only on the Laue class of the material under consideration, which is determined by the group
generated by ï and the point group of the material. A c-tensor vanishes for all point groups
that contain an element Ï. There are ten CPGs and one LPG that contain ï only in combination
with rotations different from the identity. For these groups, the form of c-tensors is given by
the following formulae:

(1)

where TG denotes the form of a c-tensor of given rank and internal symmetry that is invariant
under the point group G. The first tensor on the right hand side can be uniquely written as

a sum of the tensor on the left hand side and of the second tensor on the right. To give an

example: any tensor of form T3 can be uniquely written as a tensor of form T3m and one of
form T32. This implies that tensors T3m and T32 have only the vanishing tensor in common. The

Hermann-Mauguin symbols for the point groups fix the orientation of the symmetry elements

as stated in Table 12.2 of [1] with c unique for the monoclinic point groups. (Tm Ti — T2

is valid also for b unique.) A proof of the above relations for the CPGs can be found in [2].
It follows from a theorem due to C. Hermann (see e.g. [3]) that TTO T6, Too2 T622, and

Toom T6mm for tensors of rank r < 6.

The formulae (1) can be used for example to determine all forms of a c-tensor if the forms
of the i-tensor of the same rank and internal symmetry are known, because both tensors have the

same form for pure rotation groups. Let us illustrate this with a simple example: The symmetric

TJ-m Tx-T2 T-4 T2-T4
^mm2 T2 — T222 n T3-T6

T3m T3 — T32

TJ4mm T4 — T422 Ti2m T222 — T422 (-Mm2 — TJ-mm2 J-4mm)
T-1Smm T6 — T622 (Tfi&im T32 — T622) Tëm2 T3m — ^-&mm

¦M3m ^23 — T432

T -*oo ~ I<x>2
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tensor of second rank that describes for example dielectric and magnetic susceptibility, electric
and thermic conductivity has for 2 || z and for 4 the forms:

Txx

and T4

G„ 0

Formula (1) for T4 tells us then that the gyration tensor G, which describes optical activity, and

is a symmetric pseudo tensor of second rank has the form:

Ga

Use has been made of the fact that a tensor with arbitrary values of Tu and T22 may be uniquely
written as the sum of two tensors with T22 Tu and T22 -T"x> respectively. The relations (1)

provide a quick test for existing tables of the forms of property tensors that change sign under

ï and will be helpful for the computation of new tables for higher order effects that become

accessible to measurement with improved experimental techniques. Examples are given in [2],
where also the generalization of the relations (1) to magnetic point groups can be found.

This generalization will be given here for the limiting point groups [3]. A tensor is either
invariant under space inversion Ï, time inversion 1' and space-time inversion V (i-tensor) or it
is invariant for one of them and changes sign for the other two: an s-tensor is invariant under

space inversion, a t-tensor under time inversion and a u-tensor under space-time inversion. The
form of an i-tensor depends only on the Laue class, i.e. an i-tensor has the same form T^^ for
the 5 isotropic LPGs ooooml', oooom, ooool', oooom' and oooo, it has the same form T<x, for
the 5 LPGs oo/ml', oo/m, ool', oo/m' and oo, and it has the same form Too2 for the remaining
11 LPGs oo/mml', oo/mm, oo21', oo/m'm', oo/mm', oomV, oo/m'm, oo2, oom, oo2', and

oom'. The forms of the non-vanishing tensors of types s,t and u are given in the following table.

Form
s

Type
t u

T OO, oo/m oo, ool' oo, oo/m'
T<x2

-'oo — -*oo2

oo2,

oo2',
oom,
oom',

oo/mm
oo/mm'

oo2,

oom,

oo2', oo21'

oom', ooml'
oo2,

oom,

oom',
oo2',

oo/m'm'
oo/m'm

-*-oooo OOOO, oooom oooo, ooool' oooo, oooom'
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INTERFACE-CONFINED ORDERED COMPOUND FORMATION:
APPLICATION TO Si/Ge STRAINED HETEROJUNCTIONS

K. A. Mäder1-2, H. von Känel1, and A. Baldereschi2'3
Laboratorium für Festkörperphysik, ETH, CH-8093 Zürich
2Institut de Physique Appliquée, EPF, CH-1015 Lausanne

3IRRMA, PH - Ecublens, CH-1015 Lausanne

We introduce a model for the study of the atomic structure of
semiconductor interfaces which takes into account both strain and chemical

energies. The two effects are generally in competition with each
other for lattice mismatched heterostructures. According to the
model, space-confined ordered intermixing, limited by enthalpy
rather than diffusion, can occur at the interface in spite of bulk instability

of the new phase.

Unintentional atomic order has been observed in the past in various MBE grown
III-V semiconductor alloys. The existence of these epitaxial ordered phases is

currently explained in terms of the elastic energy associated with internal strains.

Recently, unintentional ordering confined to a few atomic layers only, has also been

observed at Si I Ge interfaces [1]. Here we propose an explanation of the latter
experimental observations in terms of competing elastic and chemical energies and the

fact that the relative role of these energies near interdiffused junctions is different
from that in the bulk.

Our model for the enthalpy H of an ordered compound y-ApBq, where A and B

are diamond-like semiconductors, contains the following ingredients: an elastic

energy Es(y-AnBn) which is treated in the valence force field (VFF) approximation,
and a chemical energy Echem(Y-ApB<j), which is the sum over all AA, BB, and AB

pairs of the corresponding bond chemical energies. The most relevant parameter of
the model is Ae, the excess chemical energy of the AB heterobond with respect to the

arithmetic mean of the AA and BB homobonds.
For a given bulk ordered phase y-ApBn and for a given strain condition imposed

by the substrate, the model predicts bulk ordering for Ae < Aec°°(y), where A£c°°(y) is a

critical value of the chemical energy, which depends on the internal strains and is a

function of the VFF parameters.
This bulk condition does not apply at the junction due to interface specific
phenomena. For the interface-confined ordering we compare the enthalpy of a

sharp AIB interface with that of an interdiffused AI (y-ApBqim I B one/ where m is
the number of the ordered atomic intralayers. In this case the critical chemical

energy is Aecm(y), which converges to Aec~(y) for increasing m, but deviates from it
for small m since the number of heterobonds which are formed at the interdiffused
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junction depends on m. Thus, if
A£c°°(y) < Ae < Aecmy), the ordered in-
tralayer is expected to form in spite of
the instability of the bulk phase y-
ApBfl. For the rhombohedral structures

RSI and RS2 of SiGe discussed
in detail elsewhere [2], known values

of A e [3] are indeed close to the
critical energies obtained by our model.

In the figure the critical chemical

energies Afcm(y) are displayed for rhom-

bohedrally ordered SiGe intralayers
on a Ge (001) substrate, and capped

with epitaxial Si (001). The asymptotic

values A£c°°(y) 4.6 meV and -2.95

meV per bond for y RSI and RS2,

respectively, which result from our
VFF parameters are also indicated
(solid lines). The energy ranges
where interface-confined ordering is

predicted are shaded. Note the rather narrow interval in the case of RSI as

compared to RS2. The RS2 phase is highly strained in its equilibrium form, whereas

a few layers can accommodate strain more easily, hence the rather slow

convergence of A£cm(RS2). The RSI phase on the other hand is unstrained in its bulk
form, and the strain release is more continuous as a function of m.

In experiment [4] RSI is found to be a reversible (strained) phase with a transition

temperature of about 700 °C. The RS2 type of order is only found in as-grown alloy
films and superlattices and is probably due to growth-specific effects at the (001)

surface [5]. Interface-confined ordering as predicted by our model could then lead to

an enhanced stability of the as-grown structure.
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(1989)

[2] K. A. Mäder, H. von Känel, and A. Baldereschi, Superlattices and Microstruc¬
tures, in press

[3] J.L. Martins and A. Zunger, Phys. Rev. Lett. 56,1400 (1986)
[4] E. Müller, H.-U. Nissen, K. A. Mäder, M. Ospelt, and H. von Känel, to be pub¬

lished.
[5] F. K. LeGoues, V. P. Kesan, S. S. Iyer, J. Tersoff, and R. Tromp, Phys. Rev. Lett.

64,2038 (1990)



Vol. 64, 1991 Rapport de la Réunion d'automne de la SSP 191

FORMATION OF ELECTRICAL BREAKDOWN IN A SILENT DISCHARGE.
ONE - DIMENSIONAL CALCULATIONS.

W. Egli and B. Eliasson
ASEA Brown Boveri, Corporate Research, CH-5405 Baden, Switzerland

Introduction
We present simplified calculations of electrical breakdown in a plane-parallel gap, where one of
the electrodes is covered by a dielectric. The only spatial dimension considered is the direction
perpendicular to the electrodes. The two-dimensional version has been published elsewhere
([1], [2], for the geometrical setup see Fig. 1 in [1]). Although with such a model, one cannot
calculate such important parameters as total charge transported by the breakdown channel, the
model contains most of the important characteristics of the breakdown itself. Because of its
simplicity such a model is a fast and relatively easy way to evaluate breakdown numerically.
With the model one can also simulate the temporal behaviour of a number of microdischarges
occurring either simultaneously at different intervals in time.

The Model
We solve the equation of continuity for each species (electron, positive and negative ions) with
the appropriate boundary conditions [2]. Additionally, we solve the Poisson equation to obtain
the electric field. The method of solution was described in detail in Ref. [1].

Some solutions
In the following examples the metal electrode is the cathode (z 0) and the dielectric is the
anode (z d). In course of the breakdown a charge is deposited on the dielectric. This charge
build-up and the field it induces leads to the extinguishing of the breakdown and a formation of
a current pulse.

In Fig. 1 we have shown both the electric field as well as the electron density as a function of
time. In case of the electron density the propagation of an avalanche towards the dielectric is
very well visible. One can in both instances (field and electron density) see the formation of a
reflected wave and its propagation towards the cathode.

The shape of the current pulse due to the transport of charge towards the dielectric depends to a
large degree on the dielectric constant of the dielectric layer and the applied field. The higher the
dielectric constant the greater the probability that a second peak appears. The first peak is due to
the primary avalanche. A second peak can appear if the reflected wave creates enough additional
electrons in the gap. Once these are brought to the dielectric surface a second peak appears. The
same effect one obtains by applying larger field to the gap. This effect is shown in Fig. 2.

The charge density depends on the gas used, the applied field, the geometry of the gap and the
dielectric constant. In Fig. 3 we show for 3 different gases the dependence of the charge
density on the applied field relative to the respective Paschen field (E0). The charge increases
with increasing field and furthermore depends inversely on the derivate of the effective
ionization curve with respect to the reduced field E/n. Both of these results are in agreement
with the results presented in Ref. [3].
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Fig. 1 The development of the electric field and the electron density as a function of the
axial coordinate and time in Xenon. The applied field was E/n 20 kV/cm, the gap width
d 1 mm, thickness of the dielectric g 0.8 mm, er 3 and the pressure 1 bar.

E 22.8kV/cm
1.0 _

0.8

0.6

0.4

< 0.2

a 0.6
E - 20 4 kV cm

0.4

U 0.2

0.4 -
0.2 -

E 18.0 kV/cm

40 60

TIME (ns)

Fig. 2 Current density vs. time for 3

different values of the applied field. The
parameters are the same as in Fig. 1.

nC
14

12 y^-02

10

8 - ^^^^Xe
6 -
4 -

He..

2 -
n i i l l l

0.9 1.0 1.1 1.2 1.3

E / E0

Fig.3 Charge density for 3 different
gases versus electric field.



Vol. 64, 1991 Rapport de la Réunion d'automne de la SSP 193

A CCD Based Electron Counting System for High
Energy Electrons

B. D. Hall and R. Monot

Institut de Physique Expérimentale, EPFL, 1015 Lausanne, Switzerland.

A CCD based electron counting system has been developed for high energy electrons

(20 - 100 kV). The system operates in a direct electron bombardment mode, using

the gain in secondary charge to identify single events. The system electronics and

performance are presented.

There is considerable interest, in the field of cluster and ultrafine particle research, in

experimental techniques that enable physical structure determination for nanometre sized

particles, or smaller. Electron diffraction on a molecular beam containing ultrafine particles
is one such technique, and an experimental apparatus of this type has been developed in
Lausanne [1]. Recently, in order to improve the performance of this apparatus, the electron

illumination system and detection electronics have been replaced. We describe here the new
detection system, information concerning the other changes to the apparatus are awaiting

publication [2].

The new detection system is based on a pair of linear CCD imagers (Texas Instruments

VID-283) operated in a direct electron bombardment mode. The diffraction patterns to be

recorded are of the Debye-Scherrer type, with concentric rings of intensity being formed on

the image plane. The detectors are placed, symmetrically, on either side of the central beam,

so as to record the intensity profile of these rings along a diametrical section.

High energy electrons impinge directly on the surface of the detector, penetrate a thin
oxide layer and continue into the device, generating a large secondary charge as they loose

energy. Charge build up in the on-chip device electronics will quickly lead to device failure,
however, the sensitive regions of the device can be effectively protected using mechanical

slits, leaving only the photosites exposed to the electron flux.

Single event counting is made possible by the large effective gain due to the generation of

secondary charge (~ IO4 — IO5). A discriminating accumulator has been designed to operate
the detection system in this way. Because of inhomogeneous dark signals in the CCDs'

photosites, the lower window for discrimination must be assigned to each pixel individually.
These values are estimated by measuring the average dark current in each pixel which is then

stored in the accumulator reference memory. During signal accumulation the CCD output is

sequentially compared with these reference values and, when the measured signal is superior
to the reference plus a common offset, a pixel event counter is incremented accordingly.
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Successful single event counting also relies on correct exposure of the detectors to the

electron flux between CCD readings. CCD photosites must be read out sequentially, meaning
than the whole device must be read out to obtain information on individual photosites.
Too much intensity between readings will lead to pile-up. Too little intensity will waste

accumulation time in reading out empty pixels. To achieve exposure control the incident

electron beam is blanked by an electrostatic shutter. The duty cycle of this shutter can be

varied under computer control, allowing easy optimization of the exposure time.

Special attention has been given to noise sources in the CCD imagers. Tri-level clocking
has been employed on the clock signal controlling the gating and reset of the charge sensitive

output node. This allows double correlated sampling to be implemented which eliminates

reset noise [3, 4]. A second source of noise (the spurious 'hot hole' noise effect [5]), particular
to the Virtual Phase technology CCDs, has been successfully reduced using bi-level, long

risetime clock signals on the CCD transport registers instead of tri-level clocking.
Radiation damage, due to a build up of charge in the oxide layer above the CCD registers,

has been observed but is found to be acceptably small. The type of CCD technology chosen

(Texas Instruments Virtual Phase) is known to be relatively radiation hard and can support
in excess of 1 Mrad [6]. In our application, such exposure corresponds to roughly 100 hours

of sustained operation.
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DETERMINATION OF ELASTIC PROPERTIES OF SI/GE SUPERLATTICES
FROM SURFACE ACOUSTIC MODES

BY BRILLOUIN SCATTERING

M. MENDIK, M. OSPELT, H. VON KÄNEL, P. WÄCHTER
Lab. für Festkörperphysik, ETH-Zürich, 8093 Zürich

Abstract
Surface acoustic waves (SAW) on epitaxially grown strained—layer Si/Ge

superlattices (SLs) on Si(100) have been studied by means of Brillouin scattering. The
SLs have been treated as media with effective elastic constants since the wavelength A

of the thermally excited Rayleigh wave is longer than the SL—period A. The
investigated SLs have had nearly similar SL—periods but different Ge-contents.

Introduction
The existence of a surface causes interference of shear and compressional bulk

waves at the crystal-air interface and is therefore the origin of SAWs. These
corrugations, propagating at the surface, are the dominating mechanism for light
scattering in opaque media. It was first demonstrated by Elmiger [1] that it is possible
to compute the complete elastic tensor of cubic single crystals using the angular
dependence of SAWs (without knowing the optical constants).

Experimental
We used the TM polarized A=514 nm line of an Ar* laser as the excitation source

with an incident power of 80 mW. The backscattered light was analysed by a (3+3)
tandem interferometer, described in [2]. For the experiments the samples were in air
and at room temperature and no effect of heating was observed. By varying the
incident angle #j form 45° to 70" it is possible to control the length of k of the selected
SAW, while rotating the sample around the normal ($, constant) allows to select the
direction of the phonon momentum in the sample plane. Several Si/Ge SLs of various
thicknesses and compositions were epitaxially grown on Si(100) substrates and
characterized by Rutherford backscattering and channeling and X-ray diffraction [3Ì.
We studied SLs with thicknesses h1=6795(SL5071), h2=5693(SL5072), h?=5084A
(SL5073) and similar SL periods Ai=14, A2=12, A2=ll Â but with different thicknesses
of the Ge-contents dGei=4.7, dce2=3.1 and dGe3=L7 Â.

Measurements
A film grown on a substrate loads of stiffens the surface. If the layer is thinner

than the penetration depth of a SAW (5000 Â in the GHz range) the velocity depends
on the elastic properties of the substrate as well as on those of the film. In contrast, if
the film is sufficiently thick the SAW is completely decoupled from the substrate. No
measurable influence of the substrate has been found in our samples. Fig) shows the
angular dispersion of the SAW on all samples. The axes indicated on the plot refer to
the crystallographic direction of the substrate. The angular dependence of the velocity
reflects the cystallographic symmetry of the film (which happens to be cubic as well in
our case). Moreover the increasing Ge concentration causes softening of the surface
acoustic phonon.
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Fig) Angular dispersion of the SAW on SL5071 ,SL5072 • ,SL5073 ¦ (all (100))

Computations
The investigated SLs can be treated as media with effective elastic constants

derived from their constitutents Si and Ge since the wavelength of the thermally
stimulated SAW (> 3000 A) is longer than the SL period [4]. The whole SL has been
assumed to have cubic symmetry neglecting the slight tetragonal distortion. The
density of each SL has been linearly interpolated between the one of its constitutents.
(psi 2.33 gr/cm3; /?Qe=5.32 gr/cm3). In order to get the effective elastic tensor we
applied the Levenberg—Marquardt procedure to perform a least squares fit of the model
function described in [5]. The elastic constants thus derived are:

SL5071 : Cll 142.9±2.8GPa
SL5073 : Cll=147.0±3.0GPa

C44=68.1±2.0GPa
C44=73.0±2.2GPa

C12=56.4±2.7GPa
Cl2=59.0±2.8GPa

53)
56

In brackets are shown for comparison the similar values obtained by linear
interpolation of the elastic constants of single crystal Si and Ge [1] determined by the
same procedure.
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Structural and Electrical Investigation
of an Epitaxial Metallic FeSi2 - Phase on Si (111)

N. ONDA1, J. HENZ1, E. MÜLLER1, H. VON KÄNEL1
C. SCHWARZ1, R. E. PIXLEY2

Laboratorium für Festkörperphysik, ETH, 8093 Zürich,
2Physik - Institut der Universität Zürich, 8001 Zürich

An epitaxial FeSi2 phase of cubic symmetry has been grown on Si (111) by molecular

beam epitaxy (MBE). Reflection high energy electron diffraction (RHEED) and high-

resolution transmission electron microscopy (TEM) suggest the phase to have CaF2

structure. Ultraviolet photoelectron spectroscopy (UPS) and resistivity measurements

show that the phase is metallic and undergoes an irreversible metal / semiconductor

transition to the ß-FeSi2 phase at a temperature depending on the thickness of the

films.

For years great attention has been paid to the epitaxial growth of silicon-rich metal

suicides with fluorite structure, i.e. NÌSÌ2 and C0SÌ2, because of their fundamental
and technological importance. Especially on Si (111) epitaxial films with excellent

properties have been realized [1]. While employing the same techniques for the

epitaxial growth of FeSÌ2 on Silicon (111), we found a new, hitherto unknown phase
of this suicide.

In the following the new FeSÌ2-phase which is stabilized by the epitaxial constraint,
will be shown to exhibit properties surprisingly close to those of NÌSÌ2 and C0SÌ2.

As substrates we used (lll)-oriented, n-doped (1 Qcm-2000 Qcm) 3 inch diameter Si-

wafers. They were first precleaned by the "Shiraki" method and heated in situ to
830°C under a weak silicon flux to desorb the oxide. The FeSi2 - layers were grown in
two steps. The first one consisted in coevaporating a 10Â thick Fe- and Si-layer
stoichiometrically (1:2), followed by annealing to 400-450°C.

At 250°C an epitaxial cubic phase of FeSi2 begins to form as can be inferred from the

Kikuchi pattern observed by RHEED. The thickness of the suicide can be increased

in a second step by MBE at room temperature. Upon annealing an irreversible phase

transition to the orthorhombic fi-FeSÌ2 is seen to occur. The temperature at which
the transition takes place depends on the thickness of the layers. The thinnest ones

(14Â) are stable to temperatures up to 500°C while the thicker ones (300Â) are

transformed above 200°C.

It has been noted before [2] that the orthorhombic fi-FeSÌ2 phase can be derived from
the CaF2 structure by a small distortion.
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This leads us to the assumption that the observed phase does have fluorite structure
indeed. The observed Kikuchi-map is in agreement with such an assignment.

Moreover, the suicide is seen to be rotated around the [111] surface normal, giving
rise to the same type B orientation as has been observed, e.g. in the case of C0SÌ2

Rutherford backscattering revealed that the <114> channeling minimum of the Si

substrate is displaced by 0.42° from the <110> channeling minimum of a 70 Â thick

film, indicating a slight distortion from the cubic symmetry.
Cross-section TEM showed that the interfaces are of a similar quality as has been

demonstrated previously for NÌSÌ2 and C0SÌ2 [1].

The described phase transition from the cubic low temperature phase to the ß-FeSi2

-phase is accompanied by a marked change of the electrical properties. In fig.l are

displayed the UPS spectra before (a) and after (b) this phase transition. The low

temperature phase is metallic in accordance with theoretical calculations [3] based

on the assumed CaF2 -structure. By contrast fi-FeSÌ2 is a semiconductor.

The electrical resistivity (-450 nQcm) of the metallic phase is nearly temperature
independent indicating that the mobility is governed by defect scattering.
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Fig.l: UPS spectra taken with He I radiation of cubic FeSÌ2 (a) and ß-FeSi2 (b).
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A New Approach of the Bound State Problem in Quantum Field
Theory

Etienne Frochaux
Département de Mathématiques, EPFL, 1015 Lausanne

We are interested in the quantum and relativistic two-particle system at low energy, especially
the bound states, within the framework of the Quantum Field Theory. To begin this study, we
work with the simplest Q.F.T. models with effective interaction, the weakly-coupled V(<p)2
models. They are formally given by the Lagrangian density

C \ ((doV(x))2 - (dxf(x))2 - m2oV,(x))2) - W(v(x))

where tp : R2 Rtimc X Rspace —> Ä is the field, mg > 0 the bare mass of one particle, A > 0

the coupling constant and V the interaction polynomial (positive valued). The "weak coupling"
means that A/mo "C 1- The mathematical construction of these models has been obtained
by Glimm, Jaffe and Spencer [1], and it has been proved that they describe a world in which
interaction indeed occurs [1]. The spectrum of the mass operator M, given by M H — P
where H is the hamiltonian and P is the total momentum, has been obtained by Eckmann and
al. [2] from the analysis of the so-called Bethe-Salpeter equation, and is the following :

0 m tub 2m

First we find two isolated eigenvalues, 0 (the corresponding eigenspace is one-dimensional
and is generated by the vacuum state fi) and m > 0, the one-particle mass (which depends on
A). For some polynomial V we can find a third eigenvalue mg close to 2m and smaller than 2m.
Moreover m(A), ijib(A) are C°° functions of A satisfying m —? mo and mg —? 2mo when A —? 0.

mg is interpreted as the mass of a two-particle bound state.
An other method for finding the bound states, called the variational perturbation method,

initially proposed by Glimm, Jaffe and Spencer, is presented here. The bound-state mass ms
is defined by the infimum of a Rayleigh quotient :

mB inf '
*#o,v.€V (i>; ip)

where V is the intersection of the domain of M and the subspace orthogonal to the vacuum
and the one-particle states. But V can also be replaced by any subspace W dense in V. Recall
that ms is a C°° function of A. If we restrict ourselves to a perturbation calculation, W can be

replaced by any subspace U of W for which (if); M2iji)/(ifr; tp) gives up to higher order terms the
same values. We have found (see [3],[4]) that the span of the vectors

*({/£}, tó}, ••-,{/£}) £>"£ :Om(/-) "
n=0 m€N

where 0m describe zero-time fields of degree m and : : means the Wick ordering, satisfies this
property at order 0(\ +1), for functions /£ in some function spaces Tm. Some of the above
functions fm are determined by the orthogonality with respect to the vacuum and one-particle
states, more precisely to have || (1 - Eo — £m)* — * ||= 0(\K+l), where E^ is the projector
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associated with the eigenvalue fi of M. We put such a vector *&({fm}, {/m}> ¦ ¦ •) in the Rayleigh
quotient and begin the minimalization. First we look at the case where A 0 which immediately
imposes /^ 0 for all m / 2. Putting / /2, we obtain the equation

2_ (/;M2/) + A2»Sm(/;M2£) + A2Em,n(/i;M2/,i) + K+1
mB - f.ULUfî.},- {/;/) +A2ÄEm(/;Ä) + A2Em,n(A;/^) + ---

'

where we have adopted the notation (: &m(g) : fi; M2 : Qm(h) : fi) (g; M2h), etc Now we
first begin to minimize the r.h.s. by varying the functions fm, fm,... but not the function /.
This programme leads to well defined functions /m(/), /m(/)j • • • (which depend on /), and we

are left with the equation, at first perturbation orders :

+

"- J?k 2jda(P]if(p)\2 [*/*«'/«»'"«,+
ì J da(p)da(p')7(p)f(p')B(p,p')(Û(p) + Ü(p'))S(px + P2 - A ~ Pi)] + 0(A"+1)

where der(p) dpxdp2/2u>(px)2ui(p2), u>(pi) Jp2 + m2 for i £ {1,2} (recall that m depends

on A), fi(p) u(px) +a>(p2), M(p)2 fi(p)2 — (p\ + P2)2, and B(p,p') is the Bethe-Salpeter
kernel (or the kernel which plays the same role when V is not even) on the mass shell, at first
non-vanishing perturbation orders (v 1 or 2, depending on V). The above equation has been

obtained with the help of the following condition for low relative energy

Jda(p)\f(p)\2M(p)2 ,~tf.xuK
Jd«(p)\f(P)\2

(2m) <XK

for some constant K. The equality in the above equations for mj must be explained (we would
expect < instead of It holds because the infimum in the r.h.s. gives exactly the same result
as the Bethe-Salpeter method at first perturbation orders (see [3], [5]).

It is instructing to make a change of representation of the state space, by introducing for
every function / a new function F such that || \P(/, {/m(/)}>- • •) |P= f do(p) | F(p) |2, and
then to write the scalar products (*;PW), (19;HiS) and (\P;L\t) (L is the Lorentz generator)
as bilinear functions of F. The operators which generate these forms can be given as follows.

The Hilbert state space is now the asymptotic subspace H L (R <j).
The total momentum is a multiplication operator : PF(p) (px A P2)F(p).
H and L are given by H fi + {fi,ö} and L Lo + {Lo,ö}, with the notation {A,B}

AB + BA, where fi is the multiplication operator by fi(p), Lo is the Lorentz generator of the
asymptotic theory and the interaction operator O is given by

om \Jda(p')F(p')T^^.)8(PxAn-n -n).
P, H and L are self-adjoint operators and satisfy the commutation rules [P, H] 0, [P, L] iH
and [H, L] iP + 0(A) (see [6]). We thus have obtained a representation of the Poincaré

group (on R and at 0(X ")) at zero-time with effective interaction (because of the existence of
a bound state), which is deduced from the weakly-coupled V(<p)2 models.
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The Nucléon — Nucléon Program at Saturne II
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The aim of the Nucleon-Nucleon program is to obtain the Nucleon-Nucleon amplitudes,

either via Phase Shift Analyses or direct reconstruction. To this end, a large
number of polarization observables, including spin transfer and 3-spin parameters,
have been measured at Saturne II in neutron-proton elastic scattering, between 800
and 1100 MeV, using the free polarized neutron beam, obtained by breaking up of
polarized deuterons. The analysis is still in a early stage, but, nevertheless, it has

already been possible to reconstruct the neutron-proton amplitudes at 3 angles, at
840 and 880 MeV.

The Nucleon-Nucleon elastic scattering matrix is 4x4, but, if parity conservation, time
reversal invariance and isospin invariance are assumed, the total number of independent
complex amplitudes is reduced to 5 for each isospin state, 1=0 or 1=1. Since an overall
phase is not experimentally reachable, one nead 9 real quantities (5 modules and 4 phases)
for each isospin state to fully describe the scattering matrix which should be obtained by
measuring 9 independent observables. In practice, to prevent ambiguities due to experimental

uncertainties, more observables are required. One can get the isovector amplitudes from
proton-proton elastic scattering measurements, since the proton-proton system is purely
1=1 state. The neutron-proton elastic scattering amplitudes are a combination of isoscalar
and isovector parts. Isoscalar NN amplitudes will then be obtained by substracting proton-
proton amplitudes from neutron-proton's.

The first part of the Nucleon-Nucleon program was devoted to proton-proton elastic

scattering from 800 to 2700 MeV and lead to a Phase Shift Analysis up to 1800 MeV[l]
and to a direct amplitude reconstruction from 830 to 2700 MeV[2]. In the second part of
the program, neutron-proton elastic scattering was studied at 5 energies between 800 and
1100 MeV. The polarized neutron beam was produced by breaking up of polarized deuterons
delivered by the Saturne synchrotron on a 20 cm thick Be target. The neutron polarization
was of 59 %. The polarized neutron were scattered on a frozen-spin polarized proton target.
The typical proton polarization was 85%, with a relaxation time of 30 days in a 0.33 T field.
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Spin dependent neutron-proton total cross sections Aox and Aa? have been measured
as well as 11 independent spin observables in the elastic scattering at each energy. Roughly
one fourth of the data have been analysed and a direct reconstruction of the amplitudes have
been performed at 3 angles at 840 and 880 MeV. Preliminary results of the reconstruction
are shown below. The notations used are those from reference[3].
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Four solutions were found at 840 MeV, one being less probable X than the others. At
880 MeV, two solutions were obtained. For one of them (o), the errors for the phases were
larger than 180° at two angles, therefore, only the modules of the amplitudes are plotted.
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Comparison of Muon Transfer
from Muonic Protium and Deuterium to Sulphur Dioxide

F. Mulhauser, R. Jacot-Guillarmod*, C. Piller, L.A. Schaller, L. Schellenberg and H. Schneuwly
Institut de Physique de l'Université, CH-1700 Fribourg, Switzerland

Abstract : Recent measurements of muon transfer from muonic hydrogen to sulphur and oxygen in
a H2+SO2 gas mixture with natural hydrogen, showed unexpected and yet unexplained double-
exponential time spectra of the muonic oxygen x-rays [1]. In order to test whether these surprising
time spectra were related to the presence of deuterium, muon transfer in a D2+SO2 gas mixture
was investigated. The unexpected phenomenon appears in the same manner in the deuterium mixture.

The muonic hydrogen atom is neutral and so small that it penetrates easily through the
electron clouds of atoms, and can transfer its muon onto a muon-atomic orbit of other nuclei. The
muon transferrate can be measured by analyzing the time structure of the muonic x-rays following
this transfer process [2].

In previous experiments [1,3,4], we measured the muon transfer from muonic hydrogen to
sulphur and oxygen in H2+SO2 gas mixtures. These experiments were performed at different
pressures and SO2 concentrations. We observed that the time spectra of the sulphur x-rays had one
decay constant, corresponding to the lifetime of the up atom in the ground state. However, the
time spectra of the oxygen x-rays had two time constants (Fig.l). The long time constant measured
in the muonic oxygen x-rays transitions is the compatible with the one of the sulphur transitions.

In order to test whether these surprising time spectra were related to the presence of deuterium,

muon transfer in a D2+SO2 gas mixture was investigated. One observed that the muonic
sulphur x-ray time spectra of all the Lyman series transitions have only one time constant and that a

double-exponential time distribution appears again in all muonic oxygen x-ray transitions (Fig. 2).
In the Ü2+0.4%SO2 gas mixture, the lifetime of the up atom in the ground state, measured

in the sulphur transitions, ts is equal to 107.0 (19) ns. This lifetime gives a reduced transfer rate
from muonic hydrogen to sulphur dioxide of Apsc>2 2-51 (7) 1011 s_1 [4]. For the D2+0.4%SO2
measurement, performed in similar experimental conditions as the H2+SO2 experiment, we obtain
for the lifetime of the |id atom in the ground state a value of 118 ns. This time constant is measured
from the sulphur time spectra and appears also, as the long time constant on the oxygen time spectra.

This lifetime gives a reduced transfer rate of Adsc>2 2-26 1011 s_1. The short time constant,
measured in all the oxygen x-rays time spectra of both experiments, is not the same for the two
measurements. In the hydrogen gas mixture the time constant has a value of 40.9 (35) ns [4], and
for the deuterium gas mixture, the value is of 26.2 ns. All these results are showed in the Table.

Table : Measured time constants and reduced transfer rates As(>2-

Mixture Pressure X\ I2 Apsc>2 ^W^
[bar] [ns] [ns] -1011 s'1 1011 s'1

H2+0.4%SO2 14.9 107.0 19 40.9 35 2.51 7
D2+0.4%SO2 15.0 118.1 26.2 2.26

The relative muonic x-ray intensities of the Lyman series, resulting from muons transferred
from thermalized up or ud atoms in the ground state to oxygen or to sulphur, can be predicted
[5,6]. The intensity patterns of the delayed muonic oxygen x-rays, for the normal and the
unexpected time component, agree with each other and with the prediction, for both hydrogen and
deuterium gas mixtures. It is important to note that the muonic oxygen x-ray intensities,
corresponding to the unexpected component have the same structure as if they would result from muon
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transfer from up or ud atoms in the ground state.The ratio of the intensities of the unexpected
component to the normal one is, for all four transitions, about 40%, for the H2+0.4%SC>2 gas
mixture. This ratio is smaller, about 30%, forD2+0.4%SO2-

The behaviour of the muon transfer from muonic hydrogen and from muonic deuterium
seems to be the same. In each case, we observed an unexpected phenomenon, which remains
unexplained, and the idea of "black" and "white" muonic atoms [7] has not yet been disproved.

IO

B IO

IO'

ID lOO 200 300
Time <12kS>

Figure 1 Measured and fitted time spectra of the muonic 2p-ls transition of oxygen in the
Ü2+0.4%SO2 gas mixture.
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Figure 2 Measured and fitted time spectra of the muonic 2p-ls transition of oxygen in the

D2+0.4%SC<2 gas mixture.
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New measurements of Muon Transfer
from Muonic Protium and Deuterium to Neon

R. Jacot-Guillarmod*, F. Mulhauser, C. Piller, L.A. Schaller, L. Schellenberg and H. Schneuwly
Institut de Physique de l'Université, CH-1700 Fribourg, Switzerland

Abstract : The new measurement of muon transfer from muonic protium to neon confirms the very
low transfer rate observed in a preceding measurement. The new value for the transfer rate from
muonic deuterium is only 2/3 of the older one, but remains one order of magnitude greater than the
transfer rate from muonic protium.

Because of its small size and its electric neutrality a muonic hydrogen atom can easily
cross electron clouds of atoms and approach the nuclei sufficiently to transfer its muon onto a
muon-atomic orbit of nuclei with charge numbers Z>3. Corresponding muon transfer rates can, in
principle, be easily measured by analyzing the time structure of the muonic x-rays following the
transfer process [1,2].

In a recent measurement of muon transfer from muonic protium to neon [3], we observed
a transfer rate which was about twenty times smaller than the one observed twenty years ago [1].
In addition, the time spectra of the muonic neon Lyman series x-rays in a H2 + 0.7% Ne gas
mixture, showed unexpected double-exponential structures similar but less pronounced to those
observed in the muonic oxygen x-rays in H2 + SO2 gas mixtures [4].

The aims of the new measurements were to see whether the very low transfer rate from
muonic protium to neon is confirmed and whether the transfer rate from muonic deuterium to neon
is really one order of magnitude greater.

The comparison of the new measurements with the preceding ones is shown in the Table.
The transfer rates are, as usual, normalized to the atomic density of liquid hydrogen. Only transfer
rates measured in gaseous mixtures at room temperature are compared. The comparison shows
that the very low transfer rate from muonic protium to neon is confirmed, although the new one is
about 30 % higher.

The double-exponential structure of the time distributions of the muonic neon x-rays
observed in the H2 + 0.7% Ne gas mixture [3] is not reproduced in the H2 + 1.4% Ne gas mixture
of the present investigation. The new transfer rate from muonic deuterium to neon, which is only
2/3 of the older one, remains one order of magnitude greater than the transfer rate from muonic
protium.

Table Comparison of normalized muon transfer rates from muonic protium, ApNe. and muonic
deuterium, A^c, to neon, measured in gaseous mixtures at room temperature.

Authors Pressure mixture ApNe
[10" S1]

AdNe

[bar] [•IO11*-1]

Alberigi Quaranta et al. [1] 26 H2 + Ne + Xe 1.16 (28)
Jacot-Guillarmod et al. [3] 15 H2 + 0.7% Ne 1.15 (20)
Jacot-Guillarmod et al. [3] 15 H2 + 0.7% Ne 0.062 (4)
Jacot-Guillarmod et al. [3] 15 H2 + Ne +Ar 0.062 (5)
This work 15 H2 + 1.4% Ne 0.080 (4)
Placci et al. [5] 6 D2 + Ne 1.42 (20)
This work 15 D2 + 0.45% Ne 0.97 (3)
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The relative muonic x-ray intensities following muon transfer from the ground state of
muonic hydrogen can be predicted and agree with the observation [2,3]. One expects that the main
quantum number of the muon-atomic level in neon, to which the muon is transferred, is the same
for both muonic protium and deuterium. In the measured intensity spectra of the muonic Lyman
series in neon following muon transfer, one observes (cf. Figure) in D2 + Ne the presence of a

muonic Ne(7-1) transition which is absent in the H2 + Ne mixtures. [3]. This difference is presen-
Üy unexplained.
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Figure Intensity spectra of the muonic Lyman series x-rays in neon following muon transfer
from the ground state of muonic hydrogen measured at 15 bar in the mixtures :

a) H2 + 1.4% Ne, b) D2 + 0.45% Ne.
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COMPLEXITY AND UNPREDICTABILITY
OF NON-SELF-SIMILAR SCALING DYNAMICS

R. Badii and M. Finardi, Paul-Scherrer Institut, 5232 VILLIGEN
G. Broggi, Physik Institut der Universität, 8057 ZÜRICH-IRCHEL

Abstract: A system is regarded as complex if it reveals different features at each resolution
level, in contrast to self-similar objects. We construct hierarchical models to extrapolate
the asymptotic scaling properties exhibited by such systems under successive magnifications.
Thermodynamic averages of the relevant observables are evaluated within a grand-canonical
formalism and related to Feigenbaum's scaling functions. The convergence properties of the
latter characterize the accuracy of the model and represent a measure of complexity.

1 Introduction

Spatio-temporal patterns exhibiting a high degree of organization are produced by a large
number of physical systems, such as hydrodynamic flows, neural networks, living organisms,
or by mathematical models like cellular automata, spin glasses and nonlinear dynamical
systems. These structures are very often clearly distinct from both (quasi-) periodic and random-
uncorrelated configurations. In particular, their macroscopic properties are not easily inferred
from the observation of microscopic ones, or viceversa. The task of building a model for the

underlying dynamics, able to yield patterns "statistically" equivalent to the original one, is

then rather "complex" since it may require an infinity of different coarse-graining steps. We

construct hierarchical models (trees) which describe the relationships among observable values
measured at different resolution scales and use them to predict the asymptotic scaling of the

system from the available non-asymptotic data. This global, hierarchical, approach should not
be confused with that involving predictions of local behaviour, such as the conformation of a

neighbourhood (either in time or space) of the currently scanned region in the pattern *.

2 Thermodynamic Averages and Scaling Functions

Continuous configurations can be discretized by suitably partitioning the state-space. The

analysis is then performed on the (one-dimensional) symbolic signal S Sxs2 thus obtained.

Hence, spin systems (including cellular automata) and generic dynamical systems can be treated

within the same formalism. After splitting the signal S into "primitive" words w which satisfy
suitable recurrence conditions1, the underlying dynamics is described by a tree on which all
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allowed transitions among substrings S wtWj... of <S are recorded. The tree is dressed by
associating to each sequence S the value Q(S) of a physical observable (e.g., its probability
P(S) or its length |5|). The asymptotic properties of the system are then studied through the

behaviour of "thermodynamic sums"2'3 like, e.g., üt(z;ß) T,i^i^Pß(S), evaluated at
each level I of the tree, for I —> oo. This corresponds to a grand-canonical representation since,
in general, strings with different lengths \S\ are considered. The extrapolation for I —> oo is

made by estimating the leading eigenvalue of the transfer matrix

T(z) : 21w0wi_u;l'ni'i-«',+1 - of-fa^owi • • • u>j+i)z'u''+,I£h,{«,1 • • 6^ (1)

where ai+x(w0wx... wi+x) — P(wqWx wi+x)/'P(w0wx ¦ ¦ ¦ wi) is a term of a generalized
level-(/+l) probability scaling function3. The matrix T(z) describes the conditional probability
of the transition between the strings w0u/j...wj and wxw2... wi+1, upon shifting by one

primitive. The accuracy of the model and the speed of convergence of the thermodynamic
sums are measured by the complexity C\ lim(^00(ln((7/+1/(7;)}: they depend on the range of
the correlations in S and on the topology of the tree. It is then natural to associate the concept
of "complexity" to systems whose coarse-grain (large \S\) properties cannot be accurately
predicted from those measured at finer scales (or viceversa, in phase-space X). The primitives
wx,w2, ¦ ¦ ¦ can be recoded into symbols from a new alphabet A! {0,1,...} and the whole
analysis can be repeated on the transformed string S1 thus obtained. Upon iteration, one
obtains a progressive coarse-graining of the symbolic signal (increased resolution in phase-
space) and more accurate estimates. This approach has been applied to several dynamical
systems and will be extended to the analysis of experimental time series *. The knowledge of
the allowed transitions on the tree can be exploited to construct local models to predict the

usual time-dynamics as well.
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GLOBAL MODEL CONSTRUCTION
FROM EXPERIMENTAL DATA

R. Badii and M. Finardi, Paul-Scherrer Institut (LUS), 5232 VILLIGEN

Abstract: We present a program for the analysis of experimental aperiodic time-series. By
localizing all unstable periodic orbits (up to a given order), a Poincaré section and an approximate
generating partition are determined in the embedding space. The resulting symbolic dynamics
is condensed into a hierarchical model which is able to produce signals statistically equivalent
to the actual one. Local maps can be constructed to approximate the full continuous-time
evolution in the embedding space between consecutive returns on the Poincaré section.

1 Introduction

The hierarchical modelling procedure for nonlinear flows, presented in Refs.(1,2), is extended

to the analysis of experimental aperiodic time-series. The aim is to derive a global model
which can generate signals with the same statistical properties (expectation values, correlation
functions) as the original one. In addition to this, it is also possible to construct local maps
to be used as predictors for the short-time future evolution of the system. Once a phase-space

representation is obtained by embedding the data in an ^-dimensional space, the topological
invariants (unstable periodic orbits) are localized in the neighbourhood of trajectories which
close onto themselves to within a given accuracy e. The latter depends on the number N of
available data points, on the local attractor's dimension a, on the velocity in the embedding

space along the current orbit and on the embedding dimension E. A (possibly disconnected)
surface of section S is then chosen in such a way that it intersects all detected periodic orbits.
In this way, time is discretized and all "period-n" orbits are assigned the same topological
return time (n intersections). A partition of E is then obtained by choosing domains A; around
the shortest periodic orbits and by labelling them with integers i 0,1, Longer orbits are

classified according to the indices of the domains A intersected by them on S. The partition
is subsequently modified until a different encoding is achieved for each periodic point lying
on S. Hence, the original continuous dynamics is mapped onto a subshift on a symbolic

sequence S — sxs2 ¦ ¦ ¦ and is modelled by means of a logic tree which records all admissible

orbit-to-orbit transitions, as described in2.
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2 Applications

We have first studied scalar time-series obtained by integrating the Lorenz and Duffing differential

flows, both in the presence of intrinsic and "instrumental" noise, sampled with a 12-bit
resolution. The data were embedded in 3- to 15-dimensional spaces. A number N 5 • 10s of
points has been generated, separated by a sampling time r of the order of 1/25 of the shortest

periodic orbit in the system. All orbits up to order n 7 have been extracted and compared
with those determined by a direct study of the differential equations, for various parameter
values. After a Poincaré section has been chosen, the attractor on it has been compared with
that of the differential flow, to test the reliability of the method. For non-autonomous systems,
like Duffing's equation, a Poincaré section can be found exactly also in the embedding space,

by taking points separated by one period T of the forcing term, thus allowing for an additional
test. The same procedure has then been applied to chaotic signals produced by a periodically
driven NMR-laser3. The resulting logic-tree description2 has been turned into a sequence of
Markov models which have been used to explain the structure of the power spectra and to
evaluate the asymptotic behaviour of the "thermodynamic sums"4 yielding generalized dimensions,

entropies and Lyapunov exponents with a much superior accuracy than that achievable

by methods based on usual time-averages.

Finally, linear maps are constructed for each symbolic sequence (domain A) allocated on
the tree and used to predict the local time evolution of the system for one return time on the

Poincaré section. The method will be generalized to include fully nonlinear transformations,
in order to reproduce possible singularties in the invariant measure. Procedures to smoothen
data corrupted by noise are under development.
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Editors' note

on the paper

"A non-relativistic supersymmetric two-body equation
for scalar and spinor particles"

by Fu-bin Li, published in Helv. Phys. Acta 63,922 (1990)

Profs. Z. Aydin and U. Yilmazer have informed us that the
above-mentioned article is identical practically word by word with
their own paper "Euclidean supersymmetry and relativistic two-
body systems" which appeared almost three years ago in Nuovo
Cimento 99 A, 85 (1988).

This fact escaped both the referee and the editor. We regret this
unfortunate circumstance, and we cannot but condemn the
inadmissible practice of claiming authorship of duplicated material.
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