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We present measurements of the positron two-dimensional angular correlation of annihilation radiation
(2D-ACAR) in TTF-TCNQ. We report also theoretical simulations of the 2D-ACAR in which the electron
wave functions were expressed as TTF or TCNQ molecular orbitals obtained from self-consistent quantum
chemical calculations. The positron wave function was calculated taking the charge transfer from TTF to
TCNQ as a parameter. The best agreement with the experiment is obtained for a charge transfer of 0.7
electrons from the TTF to the TCNQ molecules. This is larger than the value of 0.55 obtained from a study of
the Kohn anomaly. We investigate also the shape and position of the Fermi surface and conclude that a simple
planar Fermi surface is consistent with our measuremgf@163-18207)04104-7

I. INTRODUCTION periments on TTF-TCNQ in three different plandsc*,
a-c*, and a-b, wherec* is one of the reciprocal lattice
The organic compound tetrathiofulvalinium tetracyano-vectors(the asterisk is used for the reciprocal lattice vegtors
quinodimethan(TTF-TCNQ) is the first synthesized organic In the first and the last planes, Fermi-surface-related struc-
conductor. It has been widely studied due to its quasiiures are expected to appear since one-dimensional Fermi-
one-dimensional conductivity. TTF-TCNQ has a mono-surface sheets are thought to be perpendicular td tais.
clinic crystal structurgspace grougP2, /c) with lattice pa- ~ Theoretical simulations have been made WHAUSSIAN 94
rameters ofa=12.298 A, b=3.819 A, c=18.468 A, and (Ref. 6 to interpret the experimental results. In addition to
B=104.46°" It consists of homologous stacks of cations the independent particle modéPM), the local density ap-
(TTF) and aniong TCNQ) along theb axis and shows one- p_ro>§|£nat|on(LDA) and the generalized gradient approxima-
dimensional metallic conductivity in this direction above 58tion"” (GGA) have been used to include electron-positron
K.2 This conductivity is due to a charge transfer between théorrelations in the calculation of the 2D-ACAR spectra. Ex-
two different types of molecules. perlmenta}l and calculational result_s are compared and d|§—
The Fermi surface is expected to be made of quasiplandussed with respect to the electronic structure and the fermi-
sheets as a consequence of the one dimensionality of tHi09Y.
conductivity. The Kohn anomaly measurement has indirectly
provided the position of thesg Fermi surfacassually, a de Il. EXPERIMENT
Haas—van Alphen, Shubnikov—de Haas, or angular-
dependent magnetoresistance oscillation technique is applied We used the’’Na isotope as the source of positrons. The
in determining the morphology of Fermi surfaces in organicnominal activity was 30 mC{1.1 GBq. The sample was
conductoré. These techniques, which require low- exposed to the flux of the positrons guided by a magnetic
temperature measurements, are not available on TTF-TCNdield of 2 T. When the positrons enter in the sample, they
since it becomes an insulator below 5&K. thermalize within a time of 10'2's, much smaller than their
The positron annihilation 2D-ACARtwo-dimensional lifetime [(2-3 %1071 s]. Once the thermal equilibrium is
angular correlation of annihilation radiationechnique is reached, the positrons have the time to diffuse in the lattice
recognized as a powerful tool to measure electronic strucbefore annihilating with an electron. Their positive charge
tures in momentum spacet provides 2D projections of the drives them in the interstitial regions and, in the case of ionic
two-photon momentum densitiffPMD), which corresponds systems, around the negative ions. Hence, the positrons an-
to the electron momentum distribution as sampled by posinihilate predominantly with the valence and conduction elec-
trons. The Fermi-surface topology induces discontinuities irfrons, which are the main cause of the electronic properties
the TPMD. These discontinuities reflect accordingly in theof the solid.
2D-ACAR distributions. The 2D-ACAR method can be used The most frequent annihilation process leads to the simul-
at any temperature to obtain direct information about theaneous emission to twe rays. The conservation of energy
Fermi surface. This is a unique advantage for the study ofluring the annihilation imposes that the energy of theys
TTF-TCNQ. carries out the mass of the annihilated pair of particles,
In the present paper, we report positron 2D-ACAR ex-namely, 2<511 keV. The conservation of momentum im-
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plies that the twoy rays fly almost in opposite directions.

But there is no relation between this direction and the direc-

tion of the momentum of the annihilated pair. The amount of ,,40°
momentum along the direction of therays gives rise to a

small Doppler shift, which affects slightly their energies.

This effect can also be used to study electronic properties. It Gaxﬂf /l':"“\\\

is called Doppler broadening but it has a poor resolution 3 /I "!{},

compared to the angular correlation. We use this latter tech- ¢ 10 el 8y,
nique, which focuses on the amount of momentoiim the = T i 05}
plane perpendicular to the direction of therays. This mo- E gt g
mentum leads to a small deviatianfrom the colinearty of =® :/,.,I[,i,'@"l.'ll'l!!!%‘“ 4,
the two vy rays. = and p are directly proportional:+ v"‘@fﬂl’l‘!‘-;

i

2T
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=p/mgc, wheremy is the rest mass of the electron anthe
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speed of the light in vacuum. The order of magnituder & AUl
f i - i i USRSREERR |
a few mrad. A typical 2D-ACAR experiment consists of SRS e o
. . . . . . ettt
measuring the distribution of these angles in a domain of 1‘;“““ N
5 kS

+30 mrad.

In the 2D-ACAR experiment, one uses a pair of planar
position-sensitive detectors located on both sides of the
sample to detect in coincidence the annihilation radiation FIG. 1. The 2D-ACAR distribution measured in thec* plane
(the pairs ofy rays. The ?°Na source is screened, so one of TTF-TCNQ.
records only the annihilations occurring in the sample. The
direction of the line determined by the two detectors fixes thenore than once. We have checked that our 2D-ACAR exhib-
axis of the spectrometer. The annihilation radiation emittedted the symmetries required by the lattice group of the
only in this direction is recorded. As the lack of energy reso-sample. Then we folded the distribution according to their
lution of the detectors prevents detecting the Doppler shiftrespective symmetries. This operation increases the statisti-
the 2D-ACAR experiment provides a two-dimensional pro-cal precision of our datg3) As we have set the bin mesh of
jection of the (three-dimensional TPMD, in the direction the histograms to a value much smaller than the resolution of
defined by the axis of the spectrometer. By changing théhe spectrometer, it is legitimate to sum the contents of ad-
position of the sample in the spectrometer, one can recorfhcent bins. This can be viewed either as a smootkivith-
different projections. out degradation of the information as long as the width of the

The 2D-ACAR measurements were performed at 300 Ksmoothing function is narrower than the resolution—it was
with the spectrometer described (Ref. 9. Three data sets 0.60 mrad in our cageor as an interpolation between statis-
were obtained with directions of projection along theb, tically independent points.
andc* axes. The specimen was a single crystal of 10>@m The 2D-ACAR distributions are bell-shaped distributions
mmx0.05 mm for the former two directions and of 7 mm with a high degree of cylindrical symmetry as shown in Fig.
X1.5 mmx0.05 mm for the third one. The magnitude of the 1. This feature is common when the lattice cell contains
reciprocal lattice vectora*, b*, andc* are 2.04, 6.35, and many atoms and comes from the fact that many electronic
1.36 mrad, respectively. At the measurement temperaturdands contribute. A good example is given by 2D-ACAR
the overall resolution has a full width at half maximum of measured in high, superconductor®. A useful way to em-
0.9+0.1 mrad. The projection was also measured at 100 K phasize the differences between 2D-ACAR'’s is to look to the
to enhance the resolution up to 8:6.1 mrad, by reducing anisotropic parts. We use this method hereN(ir, ) de-
the residual Brownian motion of the positron. To observe thenotes the 2D-ACAR where and 6 are the polar coordinates
Fermi-surface break perpendicular to e axis, this reso- in the momentum plane of the distribution, the anisotropy
lution is acceptable, since the width of the Brillouin zone A(r, 6) is given by
along this axis is 6.35 mrad and that of the two Fermi-
surface sheets is 1.75 mrétie position of the Fermi-surface A(r,0)=N(r,0)—M(r), ()
sheets is described in the n8ext _sepliolaepending on the whereM(r) is the mean value di(r,6) over @ for a given
measurement1.65—2.90x 10° coincidences were accumu- [
lated in histograms with a mesh of 0.15 mxa@l 15 mrad. As

the solid angle covered by the detectors is small, the time 27
required to measure each 2D-ACAR distribution was about 2 M(r)=(1/2m) fo N(r,6)dé. (2
weeks.

After completing the measurements, we performed theanisotropies of the 2D-ACAR permit to enhance the discon-
three following operationg1) Each raw 2D-ACAR was cor-  tinuities of the electronic momentum distribution occurring
rected with the measured angular efficiency of the spectromyith the states change of occupation.
eter.(2) As a consequence of the symmetry of the lattice, the
2D-ACAR distributions are also symmetric. The highest IIl. CALCULATION
symmetries are obtained for projections along the principal
crystallographic directions. This means that during the mea- The electronic structure of TTF-TCNQ is expected to be
surement, the same information is independently recordedell described with molecular orbitals of constituent TTF
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and TCNQ due to its molecular crystal nature. In fact, thepartial TPMD spectrurrpjzywas obtained for each molecular
extended Haokel method, which is a simple way to obtain orbital j as

molecular-orbital coefficients, gives reasonably good band

parameters to reproduce experimentally obtained Fermi sur-

faces in a similar class of materials such as TMTSF or pjzy(x’,y’,z’)=consH dr exp(—ipr)

BEDT-TTF salts? Slater atomic orbitals are usually used as

a basis in this method. We used more flexible basis sets in X lllfj(f)t//+(f)*/7(f)|2

the present work, since details in the shape of wave functions

are reflected on the 2D-ACAR. In addition, more precise =consFFT ¢_;(X,y,2) . (X,Y,2)
self-consistent Hartree-Fock calculations have been per- ———— 12

formed instead of the extended ekel method in which the XNy(xy. 2] C)

matrix elements of the Hamiltonian are empirically deter-ynere &’,y’,z') represents each grid point in the momen-
mined. o _ tum space.y(x,y,z) is the enhancement factor, describing
Our calculation involves different steps from the molecu-ihe enhancement of the electronic density around the posi-
lar orbitals to the 2D-ACAR distributions. We shall describe {5 que to the electron-positron correlation, at the point
them in chronological sequence. , (x,y,z) of the crystal lattice space. In the IPM, its value is
In the first stage, we Obt%'”ed molecular orbitals of thegyays unity(we used the positron wave function obtained
neutral TTF and TCNQTTF® and TCNC) in terms of  yjith the LDA correlation potential in calculating the IPM

linear comt()aination of atomic orbitals coefficients with op ACAR spectra For the LDA or GGA, we used the ex-
GAUSSIAN 94° In addition to the minimal STO-3G basis S&t, pression by Boraski and Niemine# and that by Barbiellini

which is obtained by expanding the Slater atomic orbitalgt 51,78 respectively.
(STO with three Gaussian functions and was used in the |, the fifth stage, we calculated the 2D-ACAR spectra

prewmislsworkl,z e *have tested Fhe 3-218,6-31G," p3% corresponding to the experiments by summing the partial
6-31G,*and 6-31G™ (Ref. 19 basis sets 0BAUSSIAN 94 Tpyip spectra over the orbitajsand integrating along the
(Ref. 6 to improve the precision and to examine the baS|s-a’ b, andc* axes(parallel to thex’, y', andz’ directions,
set dependence. drespectively.

The amount of charge transfer between TTF an
TCN% has been determined by Kagoshima, Ishiguro, and
Anzar to be 0.55 electrons per molecule at room tempera- 29 r R PR
ture. In terms of molecular orbitals, 0.55 electrons are trans- Py’ 2 )_COHSK; J dxnjpy"(X"y"2'), (4)
ferred from the highest occupied molecular orb{tdODMO)
of TTFY to the lowest unoccupied molecular orbithUMO)
of TCNQP. p3Y(x',2")=const X, f dy'njpf(x".y".z'), (5

In the second stage, after taking this charge transfer into !
account, values of the Coulombic potential, the electronic
c_harge density, and the electron—positron_ correlatiqn poten- p%(x’,y’)=const><z f dz' anZV(Xr,yr,Z/). 6)
tial were calculated to construct the potential for positrons on ] J
a three-dimensional grid of 6% 21 X 91 points, which was ) ) ) )
set up on the crystal unit ce{points on the boundary are All _occupled orbitals were included. There are 52 occupied
shared with neighboring cejls The mesh spacings were orbitals for the TTF molecule. aqd 53 for TCNQ..Two TTF
~0.2 A in the present case. Orbital relaxations due to thénd tWwo TCNQ molecules exist in the crystal unit cell. One
charge transfer were ignored. It is thought that the chargd 1T © TCNQ molecule can be superposed on the other one
transfer causes a significant change of the energy eigenvallfy & SCrew operation. _
for each orbital but less in the shape of the wave function. In _1he band ogcupanon numbey is always 2 except the
fact, the simulated 2D-ACAR spectra are not changed sigOMO of TTF™ and the LUMO of TCNQ- As mentioned
nificantly if we use the molecular orbitals of TFE and above, these two orbitals are only partially occupied due to
TCNQ? ™ to express the electron wave functions. The
electron-positron correlation term of the potential was ex- n (ps)
pressed by two different electronic density functionals: one 2
by Bororski and Niemineff in the LDA and the other by "45“—‘!‘" """""""" I A iy r

Barbiellini et al”® in the GGA. T
In the third stage, the positron wave function was ob-

tained with the finite-difference methdd At this stage, we ? ] ] ]

have the electronic wave functions_; (j is the molecular- TCNQ 0.55--F-- .

orbital indeX and the positron wave functiof, . 0 . : : .
Next, in the fourth stage, we extended the grid to 256 ~eb ~b F b cb

X 256 X 256 points. The center of the TTF or TCNQ mol- Pb

ecule (in the crystal coordinate0, 0, 0 and (1/2, 0O, 0,

respectively corresponds to that of the grid. Values of the  FIG. 2. Occupation numbers for HOMO-TfFand LUMO-

productys_;4, were calculated on the grid pointg,{,z).  TCNQP along theb* direction for the models without Fermi sur-

By applying three-dimensional fast Fourier transformation, aace (dashed lingand with Fermi surfacésolid line).

0
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the charge transfer. In order to take into account this effect, 15
we have used two models. One is to set
10- -
Nyomo-TTR= 2—0.55=1.45 (7)
5, L
N umo-tenge= 0.55. (8) ?
This model describes the case where no Fermi surface is E 0] i
present. %
The second model includes the Fermi surface. The posi- -5 -
tion of one-dimensional Fermi-surface sheets can be esti-
mated from the charge-transfer value of 0.55 to be —10- N
(+0.55/4+n)b*, wheren is an integer antb* is a recipro-
cal lattice vector parallel to thé axis3 Accordingly,
Nyomo-TTre @and N ymo-tengo have been represented as func- -1 f’1 5 15
tions ofy’: (a)
Nhomo-Trr(Y") 15 ; ' : :

0 if (—0.55/4+n)b* <y’<(+0.55/4+n)b*
2 otherwise,

9
N umo-teng(Y')
2 if (—0.55/4+n)b*<y’<(+0.55/4+n)b*
|0 otherwise.
(10

The Fermi-surface position is the same for both the TTF and
TCNQ chains and, as shown in Fig. 2, the highest TTF band
is unoccupied in th&-space region where the highest TCNQ -15 x . . .
band is occupied and vice versa. Since positrons are distrib- -15 -10 -5 5 10 15
uted around TCNQ more than around TTF, as will be shown
below, the electron ridge Fermi surface due to the LUMO of

TCNQ? is sampled with a higher probability and a signal can 15
be observed in the 2D-ACAR. By comparing the results of
these two models, we can investigate Fermi-surface effects 101 I
on 2D-ACAR spectra.
In the sixth and final stage, calculated 2D-ACAR spectra 5 R

were convoluted with the experimental resolution function. )
The resulting spectra are bell shaped like the experimental g 0-
ones. The anisotropic parts were extracted in the same way =
that has been done for the experimental distributions so that a

they can be directly compared. -5 i
The 2D-ACAR calculations in the IPM were performed
with five different basis setdSTO-3G, 3-21G, 6-31G, -10+ -
6-31G*, and 6-31G*). The accuracy is expected to in-
crease in this order, because the number of Gaussian func- _15 . . ; :
tions for core electrons and the flexibility to express valence 15 -10 -5 0 5 10 15
electrons increase. Though the 6-31G basis set is accurate  (c) a (mrad)
enough, as mentioned in the next section, we have made
calculations in the LDA and GGA with the 6-37% basis FIG. 3. Anisotropy of the 2D-ACAR distributions in th@) b-
set, which is thought to be the most accurate among the basi§, (b) a-c*, and(c) a-b planes. Left panels: experiment; right
sets utilized in the present work. panels: calculated within GGA and with a charge transfer of 0.7

electrons. White is high and black is low.

IV. RESULTS AND DISCUSSION . . . . .
lated ones, which will be described IateFhese anisotropies
Figures 3a)—3(c), left panels, show the experimental 2D- were obtained according to Eq4) and(2). Their maximum
ACAR anisotropies on TTF-TCNQ in the-c*, a-c*, and  amplitude is 2—4% of the peak height of the spectra. These

a-b planes, respectivelfright panels are theoretically simu- values are very similar to those obtained for the high-



2052 ISHIBASHI, MANUEL, HOFFMANN, AND BECHGAARD 55

TTF

FIG. 4. Positron density distribution in the
TTF-TCNQ crystal calculated with the 6-3¥&
basis set in the GGAthe contours are in steps of
0.01 from 0.01 to 0.0%thin linesg and steps of 0.1
from 0.1 to 0.9(thick lineg, where the maximum
value is normalized as unity

temperature superconducting oxid8sObserved anisotro- tion. The common structures in the left and right panels are
pies are determined by Fermi-surface and wave-function efthought to be due to the fully occupied orbitals but it is not
fects. In the following, we interpret them by comparing with straightforward to assign them to the specific contribution of
the theoretical simulations. one particular orbital as anisotropies from more than 100
First, let us mention the positron distribution in the TTF- orbitals add together to give the observed spectra.
TCNQ crystal. The basis-set dependence of the positron den- If we compare the experimental results in Fig. 3 left pan-
sity distribution calculated in the LDA has been alreadyels with the calculated ones in Fig. 5, we find that the overall
reported'® The 6-31G, 6-313, and 6-31G* basis sets agreement is fairly good. The Fermi-surface-related struc-
give similar results, in which positrons are distributed quasitures discussed above are also observable as necks and horns
two-dimensionally and the density has peaks around the Clt the experimental 2D-ACAR spectra in FiggaBand 3c),
groups of the TCNQ molecule. The distribution for the respectively. It is noticeable that the Fermi surface can be
STO-3G is more localized between the CN groups of TCNQobserved despite the fact that the occupancies of the topmost
while that for the 3-21G has the maximum between TTForbitals of TTF and TCNQ compensate each othek space
columns. These two basis sets seem to be insufficient to des shown in Fig. 2. One reason, which is thought to be sig-
scribe properly the electronic charge density. The result fonificant, is that positrons probe electrons of TCNQ more than
6-31** in the GGA is shown in Fig. 4 together with the those of TTF, as shown in Fig. 4, since the TCNQ molecule
crystallographic view. The LDA result is similar to this (the CN groupsis negatively charged. The present calcula-
onel819 tion of the positron wave function predicts this. As a result,
In Figs. 5a)-5(c), we show the 2D-ACAR anisotropies the Fermi breaks due to the topmost TCNQ band are more
in the b-c*, a-c*, and a-b planes calculated with the pronounced. The other reason is that there is a strong wave-
6-31G** basis set in the GGA, which are thought to be mostfunction effect. Molecular orbitals are far from homogeneous
accurate. Left panels are without the Fermi surfidegs. (7) in the real space and large modulations of electronic densi-
and (8)] while right panels contain the Fermi surface de-ties in thek space are expected. The difference in the modu-
scribed by Eqgs(9) and(10). If we compare the right panels lations of the highest orbitals between TTF and TCNQ re-
with the left ones, it is observed that the presence of th&ults in discontinuities at the Fermi wave numbers.
Fermi breaks gives small differences in the* plane[Fig. We would like to mention our finding that the agreement
5(@)] and in thea-b plane[Fig. 5(c)]. Additional structures between the experiment and the simulation can be improved
appear in the Fermi-surfad€S) case. In the right panel of if we assume a slightly larger charge-transfer amount than
Fig. 5@a), there are neck structures pt=~1 mrad and the value of 0.55 reported by Kagoshima, Ishiguro, and
pex = 5—7 mrad, which correspond to the estimated positiomAnzai2 which is thought to be the most accurate value. In the
of the Fermi surface atp,=(0.55/4p* =0.874 mrad. present calculations, the charge-transfer amount is the only
Around p,=6 mrad, there are other structures, which arevalue that can be treated as an adjustable parameter. For
due to the Fermi surface in the second Brillouin zone. In theeference, the amount of the charge transfer was determined
right panel of Fig. ), there are hornlike structures at the by the numerical integration of x-ray diffraction amplitudes
same positiop,= 6 mrad. The anisotropy in theec* plane to be(0.48-0.60+0.15(at 100 K) (Ref. 20 or by the x-ray
[Fig. 5(b)] shows little difference between the two cases. It isphotoemission spectroscopy to be 0.57-G%6T Fig. 3,
quite reasonable because Fermi surfaces are parallel to thight panels, the obtained spectra with the charge transfer of
plane and do not induce breaks in this 2D-ACAR distribu-0.7 in the FS case are shown to compare to the experimental
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~10-

_15 T T T T
-15 -10 -5 0 5 10 15
(c) a (mrad)

FIG. 5. Anisotropy of the 2D-ACAR distributions calculated
with GGA in the(a) b-c*, (b) a-c*, and(c) a-b planes. Left panels:

around negatively charged TCNQ molecules. The other is
that the position of the Fermi surface is shiftéd the first
Brillouin zone, toward a higher momentiunThe former ef-

fect enhances the Fermi-surface break because positrons
sample the electron surface due to TCNQ much more than
the hole surface due to TTF. The latter effect broadens the
width of the ridgelike Fermi surface. From our positron ex-
periment, the charge transfer seems to be slightly overesti-
mated. The screening of the positron by the valence electrons
might be at the origin of this apparent increase of the charge
transfer: as we know from the calcuation of the positron
wave function, the positrons are predominantly located
around the TCNQ molecule. The screening of the positron
will enhance the electron transferred from the HOMO of
TTF (the energetically most easy source of electydnshe
LUMO of TCNQ. Nevertheless, it is unclear if this effect can
modify the position of the Fermi surface because the screen-
ing of the positron extends in a small region while the Fermi
surface is a large-scale consequence of the electronic struture
in the periodic crystal structure.

Let us briefly discuss the basis-set dependence in the IPM
calculations. The minimal STO-3G basis set reproduces rela-
tively well the experimental 2D-ACAR anisotropy in tlae
c* plane, as already showf.For the other directions, the
agreement is found to be poor, however. We can improve the
agreement with the experiment by introducing the 3-21G set
but it is still not enough. As mentioned above, the positron
distribution obtained with these basis sets is inaccurate. This
is the main reason for the poor agreement. For the 6-31G,
6-31G*, and 6-31G* sets, the results are quite similar.
This is also the same for the positron distributions. We may
expect that the 6-31G basis set works well for a similar class
of materials.

We have compared the IPM, LDA, and GGA results ob-
tained with the 6-31&* basis set. In the IPM, as its name
implies, the interaction between a positron and electrons is
neglected. In the LDA, in contrast with this, a positron is
thought to be surrounded by a screening electron cloud. With
the electron density decreasing, the relative magnitude of the
screening to the local electron density increases. The GGA
interpolate these two extremé8These features are reflected
on the calculated results. For the IPM results, the overall
agreement with the experiment is rather good but poorer than
that for the GGA results. The extent of anisotropy contours is
significantly larger than the experimental of@d the GGA
one. The reason would be that, in the IPM, positrons are
thought to probe lower-momentum valence electrons and
higher-momentum core electrons equally. In fact, positrons
are more sensitive to valence electrons. The GGA results are
better than the IPM ones on the shape and the relative mag-
nitude of the peaks as well as the dips. The difference be-
tween the results of the LDA and GGA is small though the
latter reproduce the experimental anisotropies slightly better.
Among the three approximations used in the present work,

without Fermi surface; right panels: with Fermi surface and athe GGA is the best to reproduce the experimental results.

charge transfer of 0.55 electrons. White is high and black is low.

According to Barbielliniet al,”® the GGA is not applicable
to a very low electron density system/region, e.g., surface.

ones. They reproduce the experimental spectra better thaks for the present material TTF-TCNQ, though the electron
those in Fig. 5, obtained with a charge transfer of 0.55. Thelensity is rather low in the interstitial regidithe lowest
increase of the charge transfer causes two effects in the calensity corresponds to a density parameter value of
culational results. One is that positrons are gathered mone,=(3/47n)3=8.2], the GGA seems to work well.
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Three other analyses have been performed in order to alifetime measurements. So far, no definite picture is obtained
tempt more precise indentifications of the Fermi-surface sigfor defects and positron trapping in TTF-TCNQ.
natures. The Lock-Crisp-We8tCW) folding?® has been ap-
plied to the measured and calculated 2D-ACAR spectra. It is V. CONCLUSION

known that the LCW folding enhances the breaks induced by . o
the Fermi surface if the positron wave function is homoge- e have measured positron 2D-ACAR distributions on

neous in the crystal lattice cell. This condition is far from | 1F.—1CNQ and extracted their anisotropies. We have also

fulfiled in TTE-TCNQ, as can be seen from Fig. 4. In fact performed a theoretical simulation based & initio mo-
after the LCW foIding’ it is hard to distinguish Ol'” iwo cal—, lecular orbital calculations. The overall agreement between

culated spectra though one has no Fermi surface and t Be experi_mental and galculgted anisotropies is 900d and it
other has the Fermi surface. Therefore, the LCW folding as bee'n !mproved by including the glectron.-posnron corre-
technique does not provide extra information about théat'o_n within the LD.A or GGA fo_rmahsm. This shows that
Fermi surface. In our opinion, one should also be very careRositron ZD'_ACAR IS an appropriate method for the study of
ful about conclusions drawn on the basis of LCW foldings inthe electron!c structure of organic conductors. T_he. presence
other organic meta2 The two other analyses are the en- Of the Fermi-surface breaks causes small but significant ad-
hancement of Fermi-surface imagesnd a filtering tech- ditional structures on the simulated 2D-ACAR spectra in the

nique based on the principle of the maximum entr&bio b-c* anda-b plan.es. The.experimental anisotropies in these
conclusive results have been obtained from these analyseglh"’meS are consistent with such structures and suggest a
The signals of the Fermi surface seem too small. A slighf: arge transfer highe0.7 electronsthan the value of 0.55
improvement of the resolution by measuring at 100 K did not°Pt@ined from the Kohn anomaty.

result in a significant difference.

Measurements with higher momentum resolution and
larger statistics than those used in this work are required. The authors are grateful to Professor M. Peter and Profes-
They would only be possible with a high-intensity positron sor @. Fischer for their continuous encouragements, to Pro-
beam?’ Another benefit would be the reduction of radiation fessor D. Jesme and to Dr. M. Tokumoto, Dr. Y. Tanaka,
damage. Indeed, we cannot exclude radiation damage Wyr. H. Katagiri, and Dr. B. Barbiellini for helpful discus-
high-energy positrons from ou?Na source. It might create sions. We thank Dr. D. Vasumathi for her careful reading of
defects able to trap a fraction of positrons, reducing the amthe manuscript. All the calculations were performed on the
plitude of the signals from the Fermi surface. Measurement€RAY;C90 system at the Research Information Processing
of the positron lifetim&®1° do not exclude effects of radia- System/StatiorfRIPS center, the Agency of Industrial Sci-
tion damage in the 2D-ACAR measurements since a positroence and Technolog§AIST), the Ministry of International
beam with much lower intensity and energy was used in thdrade and IndustryMITI).
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