
Réunion d'automne de la Société Suisse de
Physique = Herbsttagung der Schweizerischen
Physikalischen Gesellschaft = Autumn meeting
of the Swiss Physical Society

Autor(en): [s.n.]

Objekttyp: AssociationNews

Zeitschrift: Helvetica Physica Acta

Band (Jahr): 70 (1997)

Heft Sep. 2

PDF erstellt am: 25.05.2024

Nutzungsbedingungen
Die ETH-Bibliothek ist Anbieterin der digitalisierten Zeitschriften. Sie besitzt keine Urheberrechte an
den Inhalten der Zeitschriften. Die Rechte liegen in der Regel bei den Herausgebern.
Die auf der Plattform e-periodica veröffentlichten Dokumente stehen für nicht-kommerzielle Zwecke in
Lehre und Forschung sowie für die private Nutzung frei zur Verfügung. Einzelne Dateien oder
Ausdrucke aus diesem Angebot können zusammen mit diesen Nutzungsbedingungen und den
korrekten Herkunftsbezeichnungen weitergegeben werden.
Das Veröffentlichen von Bildern in Print- und Online-Publikationen ist nur mit vorheriger Genehmigung
der Rechteinhaber erlaubt. Die systematische Speicherung von Teilen des elektronischen Angebots
auf anderen Servern bedarf ebenfalls des schriftlichen Einverständnisses der Rechteinhaber.

Haftungsausschluss
Alle Angaben erfolgen ohne Gewähr für Vollständigkeit oder Richtigkeit. Es wird keine Haftung
übernommen für Schäden durch die Verwendung von Informationen aus diesem Online-Angebot oder
durch das Fehlen von Informationen. Dies gilt auch für Inhalte Dritter, die über dieses Angebot
zugänglich sind.

Ein Dienst der ETH-Bibliothek
ETH Zürich, Rämistrasse 101, 8092 Zürich, Schweiz, www.library.ethz.ch

http://www.e-periodica.ch



Réunion d'Automne de la Société Suisse de

Physique

Herbsttagung der Schweizerischen
Physikalischen Gesellschaft

Autumn Meeting of the Swiss Physical Society

October 10, 1997

La Chaux-de-Fonds, Switzerland





Helv. Phys. Acta 70, Separanda 2 (1997) S13 - S14
0018-0238/97/0200S13-02 $ 1.50+0.20/0
© Birkhäuser Verlag, 1997 I Helvetica Physica Acta
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We have irradiated by thermal neutrons single crystals of the Bi-2212 high Tc superconductor. The irradiated samples

are insulators, but they regain high Tc superconductivity after an annealing in He at 450-550cC. Depending on

irradiation doses and annealing parameters, we obtained two insulators, with more or less disorder, and two

superconductors with different values of Tc. We performed resistivity, a.e. susceptibility and angle resolved

photoemission studies (ARPES). The coherent quasiparticle intensity in the vicinity of the chemical potential is

considerably reduced in the insulating samples along both the T-M and T-Y high symmetry directions. It is recovered

once the superconductivity is reestablished, and develops together with Tc along the Cu-O bond (r-M) direction.

The existence of the normal state gap - pseudogap was recently observed by angle resolved

photoemission in underdoped high Tc cuprates [1]. However, it is important to distinguish between

changes in spectral function related to the phenomenon of superconductivity from the changes related

to the other properties of underdoped cuprates, namely to disorder [2]. Here, we report results

obtained on thermal neutron irradiated single crystals of Bi-2212 high Tc superconductor. Original

samples had Tc 85 K. The irradiated samples were insulators. Superconductivity was recovered

after a thermal annealing, as listed in Table 1). The motivation of our work was to investigate effects

of disorder on spectral function, while keeping constant carrier concentration.

Irradiation [n/cm1] Annealing Sample Type
10* 10'8 / Highly Disordered Insulator (HDI)
5 * 1018 / Less Disordered Insulator (LDI)
10* 10'8 450°C for 45 min. Lower Tc Superconductor (LTS) - Tc=40 K
5 * 10'8 550°C for 45 min. Higher Tc Superconductor (HTS) - Tc=84 K

Table 1)
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The angle resolved photoemission (ARPES) measurements were performed at the 4m - Normal

Incidence Monochromator beamline of the Synchrotron Radiation Center at the University of
Wisconsin. The spectra have been acquired along three high symmetry directions (T-X, T-Y, T-M) in

the Brillouin zone, that were determined by Laue diffraction. At the photon energy of 21 eV, the

uncertainty in k vector was ±0.037 A"'. The total energy broadening (experimental and thermal) was

80 meV, as determined from an independently measured Fermi step of a metallic sample.

Fig. 1) illustrates angle resolved photoemission spectra taken at the same locations in the Brillouin

zone for the four sample types along the T-M and T-X directions.
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Fig. 1): Angle resolved photoemission

spectra taken at the same locations in the

Brillouin zone for the four sample types

along the T-M (a) and T-X (b) directions.
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The spectral intensity of the dispersing Bloch states is strongly suppressed in the case of the highly

disordered insulator, and develops as the amount of disorder decreases. This development is uniform

along the T-M direction, which corresponds to the Cu-0 bonding direction in the real space, while

along the T-X direction the lower Tc superconductor and the less disorder insulator exhibit almost the

same spectral function. This indicates that Tc is especially sensitive to the behavior along the T-M

direction in the Brillouin zone.

To summarize, one of the effects of irradiation-induced disorder in Bi-2212 is suppression of the

spectral intensity of the dispersing Bloch states in the vicinity of the Fermi energy. Similar

suppression of the spectral weight is observed in the underdoped cuprates when a pseudogap opens at

T>TC. These results are important for the interpretation of the ARPES data on underdoped Bi-2212,

where doping achieved by chemical substitution unavoidably brings disorder into the system.
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Positron polarimetry with Nd2Fei4B magnets
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The potential of using permanent Nd2Pei4B magnets in a positron Polarimeter has

been explored with a beam of 50 MeV positrons. The asymmetries observed during
a first test run provide encouraging results.

Several electron and positron Polarimeters require a magnetized medium containing spin
polarized electrons with appropriate orientation relative to the beam polarization component
to be analyzed. Planar magnetized FeCoV (Vacoflux) foils have often been used in the past
[1]. More recently, a substantial out-of-plane magnetization has been observed with Fe foils
in a strong magnetic field [2]. Alternatively, an arrangement containing permanent magnets
sandwiched between silicon strip detectors has been proposed as a compact and versatile
Polarimeter for electrons, positrons and photons but despite much effort, its sensitivity has

not yet been established [3].
We present here the results of an exploratory experiment performed to assess the

effectiveness of using out of plane magnetized Nd2Fei4B magnets in a positron Polarimeter
employing both Bhabha scattering and annihilation in flight (AIF) reactions for the analysis

of the longitudinal polarization of incident positrons [4]. The measurement was carried
out in the 7rE3 beam channel at PSI. Positrons from /i-decay at rest in the production
target were momentum selected at 50 MeV, with Ap/p « 3%. The setup comprised four
36 x 32 x 1.8 mm3 magnets mounted with adjacent pieces having opposite magnetization.
Only plastic scintillators were used for the trigger in order to reduce scattering events
originated from the surroundings of the magnets: four individual (29 x 29 x 1.5 mm3) and a

common (90 x 90 x 1.5 mm3) detector were located upstream, in front of the magnets, to
sign an incoming positron. A larger scintillator (200 x 200 x 1.5 mm3) was placed behind the

magnets to identify the type of event. The Polarimeter was completed by a BGO calorimeter
constructed from 127 hexagonal modules to detect the scattering products (e+e~ or 77). The
front of the calorimeter was covered by two planes of 3 mm thick plastic hodoscopes used

also in the trigger to sign the type of event. For comparison purposes, a magnetized iron foil
tilted at 45° to the incident beam was used with a similar scintillators arrangement. From
the time structure of the beam, measured at different momenta, the fraction of unpolarized
positrons contributing to the trigger was estimated to be less than 10%.

In the off-line analysis, the gains of all detectors have been controlled and eventually
adjusted. The presence of two well separated clusters on the calorimeter was required for
Bhabha and AIF events, but just one for events corresponding to positrons not having interacted

on the magnetized foil or permanent magnets, which were then used as normalization.



16 Bee et al.

Normalizing the scattering events to the incoming positrons has been checked to give
consistent results. Only events with a total energy equal to the initial incoming positron energy
were further selected for the analysis. One of the permanent magnets broke during the run
and its data has therefore been excluded.

The asymmetries under either field inversion or magnet rotation have been extracted.
A common aspect of the results is the absence of an asymmetry signal for the events with
the Bhabha trigger. This is suggestive of an insufficient selection of the true Bhabha events
by the hardware and by the software cuts, and is under investigation with a Monte-Carlo
calculation. However, a signal is apparent in the events with the AIF signature, with the
expected inversion of sign for two adjacent magnets. More precisely, the two raw asymmetries
measured for the AIF events were -0.026(7) and 0.015(6). For comparison, the asymmetry

obtained with the tilted Fe foil was 0.020(4). Such low value is consistent with the
incomplete saturation of the foils measured prior to the run. Unfortunately, no independent
determination of the fraction of unpolarized background was made during the test in order
to estimate the absolute analyzing power. In addition, one of the magnets does not present
an asymmetry signal even for the AIF events. Nevertheless, as a first attempt the results
are encouraging and indicate that permanent magnets merit further investigation.
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Interface formation and chemical reactions on metal-GaTe(OOl)
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Abstract

We studied using x-ray photoelectron spectroscopy the deposition of Au, In, Ag and Al overlayers onto
clean-cleaved CaTc(OOl) surfaces at room temperature. The first steps of the Schottky barrier formation
on Au and In showed no interface reactions. Free Te release was observed after the deposition of 3.5 Â of
silver. On the other hand, the deposition of Al leads to an exchange chemical reaction where clustering
dominates at high metal coverage.

We present a x-ray photoemission spectroscopy study of metal on GaTe(OOl) surfaces. In contrast
to others anisotropic semiconductors, there are reported only a few photoelectron spectroscopy
investigations on GaTe surfaces. Gallium telluride crystallizes in a monoclinic structure formed by

layers bound between themselves by weak van der Waals bonds. Each layer consists of four atomic

planes. Two anions planes in the outside and two cations plane in the middle. The elementary unit cell
of GaTe contains six formula units with 12 atoms, in difference with hexagonal 111 -VI layer
compounds as GaSe and GaS.[l 1

The samples were cleaved in-situ at a base pressure better than 5x IO10 mbar, and gold, indium,
silver or aluminum was evaporated on samples at room temperature. Photoemission spectroscopy
studies were performed using a Scienta ESCA-300 system at the EPFL Centre de

Spcctromicroscopie. This system is equipped with an Al Ka radiation source at 1486.6 eV, a x-ray
monochromator and a concentric hemispherical analyzer. The intensity of the photon source is

estimated to be 20 W sr/mm2 and the energy resolution was better than 0.3 eV, as derived from the

Fermi edge of a clean Ag surface.

We calculated the Schottky barrier height tpB from the position of the Ga3d doublet relative to Ep

using the relation

The temi (Ga,,,_VBM) is the position of the Ga3d core level relative to the gallium telluride valence

band maximum edge, which was derived from a linear fit of the edge data on fresh cleaved samples.
The zero of the binding energy scale is referred to the Fermi level position Ep of the spectrometer.

Wc characterized the clean-cleaved GaTe(OOl) surfaces by measuring the Ga3d and Te4d peaks,
and the valence band. The Ga3d core level was deconvolved in a huge bulk peak at a binding energy
of 18.9 eV and a surface component at +0.36 eV. The full width at half maximum (FWHM) value of
these peaks was 0.56 eV. The values of the branching ratio B and spin-orbit splitting Aso were 0.67

and 0.45 eV and were kept constant for all the Ga3d spectra measured. On the other hand, the Te4d

core level was deconvolved with only one doublet having fitting parameters of 0.73 eV FWHM, S=

0.69 and 4So- I -44 eV. The valence band maximum (VBM) edge position was derived from a linear

fit of the edge data, giving a cut off position at 0.35 eV. After these values, the distance between the

Ga3d and the VBM is 18.55 eV, and at the samples' surface the Fermi level is located 0.33 eV above
the VBM.
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The deposition of Au lead to a shift of the Ga and Te core levels by 0.11 cY to higher binding
energies. A similar behavior was observed after the deposition of In. leading to a band bending
change of 0.25 eV in the same direction. In these two cases, no significant lineshape change occurs
after metal deposition indicating the absence of interfacial reactions. The extra doublet at -0.8 eV from
the Ga3d peak has the same parameters than the Ga level. This component is not related to substrate-
overlayer exchange reactions, but it has been previously correlated with surface Ga atoms which are
in contact with the deposited In atoms.|2J The shift of this component with respect to the bulk level is
associated to a final state effect due to screening of the hole in the surface Ga atom by the neighboring
In atoms. For In coverage 0<6 Â. the valence band spectrum was unchanged throughout this region.

For higher 0 values, the valence band spectra show emission near the Fermi level indicating the

presence of metallic clusters.

The aluminum deposition on the clean-cleaved p-type GaTe(OOl) surface produced a rigid shift
(band bending) of about 0.43 eV to higher binding energies which stabilizes for a =4 A thick
overlayer. The formation of the Al-GaTe interface includes a cation exchange reaction. In this case, a

peak of the cation (Ga) gave evidence of a metallic phase.(3] A new feature identified as metallic Ga,
is located at ~ -0.88 eV respect to the bulk peak and shows a marked asymmetry, characteristic of the

Doniach-Sunjic line shape for metallic species. Its intensity grows up to reach 25% of the bulk Ga3d
peak at =35 A Al deposition.

Silver deposition on the cleaved Gale surface produced a band bending shift of 0.24 eV to higher
binding energies. During the formation of the Ag-GaTe interface, the presence of no significant
lineshape change after metal deposition suggests the absence of interfacial reactions. On the contrary,
some evidence for the presence of a overlayer-substrate interaction was given from inferences about
the interface morphology by examining the dependence of the peak intensities on overlayer coverage
thickness. When Ag is deposited on GaTe. we observe that in the Te4d/Ga3d intensity ratio remains

constant with the same exponential attenuation, and the Ag3d intensity increases rapidly. These facts

suggest an initial 2D growth up to 1.8 A. From this thickness value, the Ag3d peak intensity
continues increasing and starts to saturate at about 3.5-4 A indicating that the Ag clustering is the

dominating mechanism. From this last thickness value, we observe also that the Te4d intensity
increases much faster than the Ga3d. This fact indicates tellurium outdifussion. some kind of reaction

involving Te and Ag is forming at the interface.

The Schottky barrier height values, as determined by XPS in function of metal coverage are

presented in figure 1. The weak dependence of barrier height on metal work function suggests that a

high density of interface states are responsible of the Fermi-level pinning.|4j
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Unusual spectral signatures of organic ID metals
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We have studied by high resolution angle resolved photoelectron spectroscopy the

spectral properties of two metallic and one insulating Bechgaard salts, quasi-lD organic

materials. The spectra of the metals show no dispersing quasiparticle peak crossing the

Fermi level. Instead a deep pseudogap is observed. The spectral lineshape is incompatible

with that of "normal" metals. The spectrum of the insulator exhibits a real energy gap.

We investigated the electronic structure of the quasi one-dimensional (ID)
organic compounds (TMTSF)2X (X=PFé, CIO4) and (TMTTF)PF6 by angle resolved

photoelectron spectroscopy (ARPES). These materials are characterized by linear

chains formed by the stacking of planar molecules, and their physical properties

are strongly anisotropic. The overlap of the molecular orbitals leads to a

development of coherent states along the chains, with strong electronic

correlations [1]. All three materials are ID metals at RT, but their ground states

are different. (TMTSF)PF6 develops a spin density wave (SDW) below 12K.

(TMTSF)2C104 is a superconductor at ~1 K. Electronic correlations in (TMTTF)PFé

leads to charge localization and a metal-insulator transition at -200 K.

At the Wisconsin Synchrotron Radiation Center we measured high quality single

crystals mounted on a cold stage and cleaved in UHV to expose a clean (001)

surface. The temperature was 150 K. We used linearly polarized synchrotron
radiation (hv=20 eV) and a 50 mm hemispherical analyzer. The angular
resolution was <1° and the energy resolution 70 meV (including thermal

broadening).

Fig. 1 shows the ARPES data for (TMTSF)2C1C>4, along the chain direction.

Analogous results are obtained for (TMTSF)2PF6- We observe three non

dispersive peaks at 4, 2.5 and 1 eV, and additional intensity linearly decreasing
towards the Fermi level. The intensities of the three features strongly depend

on the polarization of the photon beam, as expected for ID states [2]. The

spectral weight at the Fermi level is weak throughout the Brillouin zone, and
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indicates a deep pseudogap, already suggested by angle-integrated spectra [2].

Fig. 2 compares high resolution spectra of metallic (TMTSF)2C1C>4 and

insulating (TMTTF)PF6- The leading edge of the insulating compound is

shifted by 100±20 meV towards higher binding energy, indicating a real charge

gap. The observed value is in good agreement with optical measurement of the

gap [3].

The suppression of spectral weight at Ep, and the lineshape of the ARPES

spectra are clearly incompatible with a Fermi liquid picture. They may be

consistent with a Luttinger liquid scenario, which should be relevant for these

materials, with n large characteristic exponent. None of the present theoretical

models, however, can naturally explain the absence of dispersion.
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Fig. 1. ARPES spectra of (TMTSF)2C1C>4,

along the ID chain direction. The bottom
spectrum was measured at F, and the top at
the zone boundary.

Fig. 2. High resolution ARPES spectra of
(TMTSF)2C104 and (TMTTF)2PF6. The

energy shift reveals a real gap of -100 meV
in the latter.
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We calculate the one-electron Green's function of the Hubbard model on the square
lattice using a spin-rotation invariant six-slave boson representation. In the strong
coupling regime its spectrum splits off into a quasi-particle peak, and a lower and an

upper incoherent branch, which we focus on, using a functional integral formulation.
By including Gaussian fluctuations around a paramagnetic saddle-point, we obtain
the main contributions to G as the graphs which are of lowest order in the fluctuations,

in the strong coupling regime. The fc-dependence of the weight of the upper-
band shows the physically expected behavior. We also find that its total weight
quickly decreases away from half-filling under an increase of the hole doping.

The calculation of the spectral function of the 2-d Hubbard Model remains a serious
challenge despite of decades of work. Its relevance to the understanding of the High T^-super-
conductors has been repeatedly emphasized in the literature. The strong correlation effects

have so far been elucidated in various limits, such as the large space dimensionality limit [1],

or in one dimension, but the 2-d and 3-d systems keep on escaping our understanding. In
these systems even highly sophisticated self-consistent schemes, such as FLEX fail to even

qualitatively reproduce the splitting of the non-interacting band into lower and upper bands

[2]. In this work we resort to the Spin-Rotation-Invariant slave-boson approach [3], which

naturally splits olT the low energy and high energy incoherent excitations, on top of the

quasi-particle peak.
In this approach the creation operator of a physical electron cfa is written in terms of

auxiliary bosons e,pß,d and fermions /+, as: c+„ \ £„_„, (e.p+.r^, + dfaa'p,ißr^a,^ /£.
In order to evaluate the Green's function Gìj^(t) — —T < c,ia(T)c+ff(0) > wc expand the
slave-bosons around their mean-field amplitudes. Doing that to quadratic order in the action

yields the propagators of the slave-bosons and constraints fields, which can be gathered from
[4]. We now concentrate on the high energy excitations. In the strong coupling regime they
are described by the rf-boson. The lowest order contributions to the Green's function are

given by:

rlt n ll{k,Lv) + llP,(k,tv)AnP0(k,u)

i-t((n(*,«) + n„,(*,w) + nw(fc>w))

where t? is the dispersion of the non-interaction band and the various n's arc defined in Fig.
1. Please note that they also contain the appropriate vertices.

We now discuss the numerical results. The calculations have been performed for U 25t
and ßt 2.5, where the paramagnetic phase does not show any kind of instability. We

postpone the detailed discussion of the spectral function and density of states to a separate
publication. In short the spectral function exhibits a strong ^-dependence. It is typically
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Figure 1: From left to right: H(k,u>), UPl:(k,ui) and Hpo(k,ui)
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Figure 2: Total weight, SB calculation( full line) and t — J model sum rulc(dashed line).

large for wave-vectors in the vicinity of the Fermi surface, and small otherwise. It is smallest
at the band center. This is expected since the states are occupied. Its width in frequency is

mostly k-indepcndcnt, and close to the bare band-width. All the main features of the exact

diagonalization results are reproduced by our approximation [5]. The doping dependence of
the total weight of the upper Hubbard band Wuhb is shown on Fig. 2. It is seen to fall
off quickly under a decrease of the density. The decay is substantially larger than what one

may expect from the sum-rule of the t — J model. This is in agreement with the numerical
data of Eskes and Olès [6j. In summary we applied for the first time the SRI slave-boson

formulation of the Hubbard model to the calculation of the Green's function away from
half-filling. Our results are in good agreement with known numerical data. This work has

been supported by the Deutsche Forschungsgemeinschaft through Sonderforschungsbereich
195. One of us (RF) is grateful to the Fonds National Suisse de la Recherche Scientifique
for financial support under Grant 8220-0284525.
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Abstract : Analytical valence band eigenstates, including valence band mixing, are
obtained for rectangular quantum wires with infinite barriers, in the spherical
approximation. The optical matrix element of quantum wire interband transitions
are evaluated with this new approach.

Theoretical predictions1 showed that quantum wires (QWR) should have better optical
properties (higher gain or absorption due to the discontinuity in the joint density of states) then

quantum well or bulk materials. Usual numerical evaluation of the absorption of QWR
structures is complicated due to the non negligible valence band mixing. In this article we
propose a novel approach, valid in the spherical approximation, to evaluate valence band states.

Analytical valence band eigenstates for rectangular quantum wires with infinite barriers,
including band mixing, can be found with this method.

Valence band eigenstates, usual approach:
In the spherical approximation, the Luttinger parameters obey 72 Y3 Y * Yl- The valence
band hamiltonian2 of electrons close to the Tg symmetry point is then given by

momentumHv=-^--U-[Yl+|7]p2-Y-^-(P-J)2} + U(r) [Eq.(l)], where p is the

operator, J the angular momentum operator (J-312), U(r) the heterostructure valence band

potential, and m0 the free electron mass. The usual approach to solve the Schrödinger equation,

Hv[vP] evP [Eq.(2)], is to project this equation on the basis je' r • Jz )}. where Jz is a

state representing the periodic part of the Bloch function. Its angular momentum along the z

direction, has the value of a ±3/2,±1/2. There is valence band mixing, if the wave vector is

not aligned along the z-direction, even in the case of non confined structures. Due to this mixing,
valence band eigenstates must be evaluated numerically for quantum confined structures.

Valence band eigenstates, alternative approach:
We propose a novel approach to evaluate valence band eigenstates, including the band mixing

effects by projecting Eq.(2) onto the basis je r • Jk)r- The state j£ represents the periodic

part of the Bloch function whose angular momentum along the k direction has the value of

a ±3/2,±1/2. It is obtained by a rotation of Jz K explicitely given in Ref.33. The envelope

function for heavy hole (HH) and light hole (LH) are solution of the envelope Schrödinger

equation
h2 2¦VZ+U(r)

2 • meff
FH(r) EFH(r) (H= HH or LH), [Eq.(3)], where
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meff :

Yl-2?
[Eq.(4)] is the HH effective mass. The sign inside [Eq.(4)] is changed for the LH

effective mass. It can be shown that the projection of Eq.(3) onto the basis jc1 r| gives the

same elements as the projection of Eq.(2) onto the basis <e' r« Jk)f> if o ±3/2 (a ±1/2)

correspond to the heavy (light) hole envelope function. The Fourier transform of the envelope

function, F (k), gives these elements. Therefore F (r) jF (k)-e' rd3k and

*F (r) jF (k)-e1 r
• Jk) d3k are solutions of Eq.(3) and Eq.(2), respectively.

Application to a rectangular quantum wire:
The valence and conduction fondamental states of a rectangular QWR with cross-section Lx x Ly
and infinite barriers have been evaluated with the novel approach. Eq.(5) gives the analytical
expression of its fundamental valence band state, including the so called band mixing effects.

¥kz(x,y,z)
ik,z

VLz
/GLx(kx).GLy(ky)

V2L

J?
IKg,Ky,KZ

i(kxx+kyy+kzz)
dkvdkv [Eq.(5)J

where for L=LX orLy GL(k)= 2 *~2—T'cos(~"k) ant* o ±3/2,±1/2. The electron wave
Jt -k -L 2

vector and the wire length are k=(kx,ky,kz) and Lz, respectively.
The Fig.l and Fig.2 show the optical matrix element of the lowest energy electron to heavy hole
(E1-HH1) and the corresponding E1-LH1 transition of a 200 x 50 Â QWR as a function of kz.
The three cases of light polarization parallel to x, y or z arc given.
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Fig. 1 : Normalized absolute square of the

optical matrix element for the E1-HH1 transition
of a 200 x 50 Â quantum wire. X, Y and Z
indicates the polarization of the light vector.
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g.2: Normalized absolute square of the
optical matrix element for the El-LIU transition
of a 200 x 50 À quantum wire. X, Y and Z
indicates the polarization of the light vector.
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First-Principles Calculation of Electric-Field
Gradients at the Cu Sites in YBa2Cu3C>7

P. Hiisser, S. Schafroth, E. Stoll, H.U. Suter, and P.F. Meier

Physik-Institut, Universität Zürich-Irchel, 8057 Zürich

The electric-field gradients at the Cu sites in YBa2Cu307 have been investigated

using first-principles cluster procedures. For the planar Cu, a large cluster comprising

74 atoms was studied with both Hartree-Fock and density functional methods.

The latter calculations provide field gradients and asymmetry parameters in good

agreement with the experimental values for hydrostatic pressures up to 0.C GPa.

Nuclear magnetic and quadrupole spectroscopy has provided a considerable amount of

data on both static and dynamic properties of high-temperature superconductors. In particular,

the electric-field gradient (EFG) has been determined for a variety of nuclei (e.g. Cu(l)
and Cu(2) in YBa2Cu307) with high accuracy [1]. Theoretical approaches to calculate the

EFG at the Cu(2) site on the ab initio level[2, 3] failed to predict the experimental value[4].
Therefore we calculated the EFGs by using appropriate large clusters and more suitable

basis sets. The density functional (DF) method was applied using both the local density
approximation (LDA)[5] and the generalized gradient approximation (GGA)[6]. These results

are compared with Hartree-Fock (HF) calculations.
To determine the electric field gradients at a specific lattice site it is necessary to choose

a cluster that is centered appropriately. For the Cu(l) site in YBa2Cii307, calculations with
a rather small cluster (CU3O12) yield EFGs in good agreement with the experiments. For

Cu(2), however, a considerably larger cluster (Cui2042Yi2Bag) is needed. It contains 74

atoms and is centered around the midpoint between two adjacent Cu(2) sites along the c

direction. This cluster has zero charge and is, in addition, embedded in 2448 point charges.

method Cu(l) Vhb V Cu(2) Vcc V

UHF" 11.2 0.3 -22.2 0.04
LAPW6 7.4 0.8 -5.6 0.07

IIF 28.53 0.04 -20.73 0.09

DF/LDA 7.49 1.00 -15.76 0.00

DF/GGA 7.12 0.94 -16.17 0.01

experiment0 7.5Ü0.03 0.99 -12.35±0.02 0.01

Table 1: Theoretical and experimental EFGs (in 1021 Vm 2) and asymmetry parameters at

Cu(l) and Cu(2) in YBa2Cu307. a) Ref. [2], b) Ref. [3] and c) Ref. [4]

The calculated EFGs at the Cu sites obtained with HF and the DF methods are given
in Table 1, together with previous theoretical values and experimental data [4].

For Cu(l), our calculated EFG values are in agreement with previous theoretical studies.
For Cu(2) [7], the EFGs are closer to the experimental value than those obtained with earlier
theoretical approaches [2, 3].
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Furthermore, (he pressure dependence of the EFG at the Cu(2) site was determined
varying the lattice parameters [8]. This simulation of the influence of hydrostatic pressure
is in good agreement with NQR experiments [9] (Fig. 1).
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Figure 1: Normalized pressure dependent NQR frequencies vq{p)/'vq(0)¦ • experiments of
Ref. 9. O our DF/GGA calculations.
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Test of QED and the Size of Fundamental Particles
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Total and differential cross sections for the process e+e~ —> 77(7), and the total
cross section for the process e+e~ -> 777, are measured at energies around \/s= 91

GeV and 130-140 GeV using the data collected with the L3 detector from 1991 to
1996. We set lower limits, at 95% CL, on a contact interaction energy scale A > 695

GeV on the mass of an excited electron me- > 174 GeV and on the QED cut-off
parameters A+ > 177 GeV and A_ > 170 GeV. An empirical model about the the
size of fundamental particles is also discussed.

Total and differential cross sections for the process e+e~ —¥ 77(7), and the total cross section
for the process e+e~ —> 777, are measured at energies around y/s= 91 GeV and 130-140

GeV using the data collected with the L3 detector from 1991 to 1996. Fig.l shows the
measured differential cross section and the QED calculations normalized to the Born level
and to radiative effects up to 0(a3).
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Figure 1: Differential cross section normalized to Born level and QED 0(a3) level.

The agreement between the data and the QED predictions (fig.l) is used to constrain the
existence of an excited electron of mass me. which replaces the virtual electron in the QED
process [1] or a model with deviation from QED arising from an effective interaction with
non-standard e+e~7 couplings and e+e~77 contact terms [1] The analysis delivers in the
first case me. > 174 GeV with the QED cut-off parameters A+ > 177 GeV and A_ > 170

GeV [1] and in the second case a cut-off parameter limiting the geometrical diameter of the
interaction area to A > 695 GeV 2.8 x 10~17 cm
This analysis and the CDF [2] data exclude excited electrons below 170 GeV and excited
quarks from 80 GeV to 760 GeV. The limits for the direct contact term measurements of this
analysis, ref. [3] and the g-2 experiments [4] are in the range 10~17cm - 10-24 cm. As in the
QED it seems that the fundamental particles (FP) have no internal substructure and their
size is down to zero. With some uncertainties for the neutrino masses this would mean that
the density of the FP in a classical framework would be infinite at diameter zero. Before
this limit is reached, the radius of FP must cross a Schwarzschild black hole radius (SBHR),
e.g the electron has the SBHR at 1.4 x 10~57 m. A black hole has mass, spin and electric
charge like FP but its stability is questionable if the diameter is below 10~13 cm.
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For the following discussion we consider a scenario where a quantized object exists which
is stable down to the rest masses of the FP. We further assume that the four interactions
between these quantized black holes QBH are linked to the four orthogonal coordinates
in space and time. Strong, electromagnetic and weak interaction are space-like and gravity
is time-like.
Such a QBH would be defined by the four interactions and limited in size by a boundary.
This allows to separate every coordinate in three areas to place charges around the QBH.
For example left side, center and right side of the QBH; or outside, on the boundary and
inside the QBH; or left side, on the boundary and right side of the QBH. We used the first
case to assume: the charges of the strong interaction are the three colors (C), for the
electromagnetic interaction Q ±1/3, for the weak interaction T3 ±1/2 and for the gravity +m
for matter and —m for antimatter. These two assumptions allow us to write down a scheme
of representation for all the fermions and bosons. Fig.2 shows an example for the electron.
The left side of fig.2 connects the space coordinates to the charges T3, Q ,C and the right
side connects the time to the mass. The integrated charge for a worm-hole-like geometrical
object is also shown. Such an object would have the degree of freedom to develop a discrete
mass spectrum via oscillation or rotation. As all fermions have the same spin, in a pure
empirical attempt a highly degenerated and elliptically deformed oscillator potential is used

to describe the mass spectra of the fermions.
E(nx, ny, nz;Q) (A + BQ + CQ2 + DQ3)(nx + ny + n,)*+s«+i)W-U+iXW+iW«-i)>«
A comparison of masses between experiment and this empirical model is shown in fig.2.
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Figure 2 : A scheme for the electron charges left and mass spectra of the fermions right

Three free parameters, nxyz 0,1,2,3.., and the fermion charges Q 0,-1/3,2/3,-1
have been used in the calculation. The constant factors A 5.1 • 10-6 MeV, B —8.5 MeV,
C 10.8 MeV, D - 18.7 MeV, R 7.42,5 -4.34 and T 4.15 are obtained by fitting
to the data.
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