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We have carried out high-resolution Compton scattering measurements from two single crystals of Be
([00.1] and [11.0]), together with highly accurate all-electron first-principles computations of the profiles
within the band theory framework. The Compton data were collected using a newly constructed crystal
spectrometer at a record momentum resolution varying between 0.023 and 0.03filbwidth at half
maximum with 8 keV x rays from a synchrotron source. Although the overall shapes of the measured and
computed spectra are in good accord, the fine structure in the data shows significant discrepancies with respect
to the local density approximation based theoretical predictions. In particular, several features in the observed
spectra are substantially broader than the computations, indicating the importance of electron correlations and
other effects in analyzing momentum densities and Compton profiles from J@ias63-182606)02132-1

I. INTRODUCTION the measurement of the energy spectrum of the scattered
photons via various types of position sensitive detectors. In
Inelastic scattering of x rays at large momentum transfersgontrast, our approach is to vary the energy of ithedent
usually referred to as Compton scattering, constitutes a powReam, holding the energy of the scattered beam fixed, allow-
erful spectroscopy of the ground state electronic structure dff9 US 10 use an extreme backscattering geometry for the

materials. In the case of metals, the Compton technique Oﬁnalyzer crystal minimizing the source size effects. Addi-
’ tionally, such a setup possesses the advantage that we can

. . ) %ollect data in any specific momentum range and thus focus
(FS signatures and correlation effects in the electron mog|ectively on interesting spectral details. The final Compton
mentum density. However, progress in this regard has beegqfile is studied on a momentum scalewhich is uniquely
limited by the fact that the necessary experimental resolutiogetermined for a given scattering angle by the incident and
has been lacking. Since Fermi momenta are typically of orscattered photon energies. Therefore it does not make any
der 1 a.u., a high momentum resolution —<f0.1 a.u. or  fundamental difference which one of these energies is varied
better — is essential for delineating FS features. The recenh order to obtain the Compton profile. Recently, a spectrom-
advent of synchrotron sources has made it possible to coreter suitable for Compton scattering studies has been con-
struct spectrometes’ capable of resolutions of this order, structed along these lines at the National Synchrotron Light
throwing open new opportunities for the application of theSource(NSLS).*® This spectrometer is capable of delivering
Compton scattering technique. a momentum resolution of about 0.02 a.u., approximately
We want to emphasize that the Compton scattering spedive times better than the best earlier experiments, although
troscopy should be viewed as being complementary to otheat the~8 keV beam energy available at the NSLS, one will
relevant Fermi surface spectroscopies such as de Haas—vha limited to investigations of valence electrons in relatively
Alphen (dHvVA), two-dimensional angular correlation of an- low Z materials. A similar spectrometer is also under com-
nihilation radiation(2D-ACAR), and angle-resolved photo- missioning at the European Synchrotron Radiation Facility
emission, since each technique possesses its own relative d&SRF, Grenoble. We note that the idea of scanning the
vantages and disadvantages. Compton spectroscopy does roergy of the incident rather than the scattered photons was
suffer from the requirement of extremely pure samplesfirst employed by ScHike and Nagasawalthough their
(dHVA, 2D-ACAR), low temperaturéddHvA), positron elec- main interest was the analysis of collective excitatigulas-
tron correlation(2D-ACAR), or surface sensitivitfphoto- mong and the dynamic structure factor in the low and the
emission. On the other hand, in the Compton scattering allintermediate momentum transfer regime.
the electrons are contributing to the scattering cross section This article reports results of experiments carried out at
and the profile is related to one-dimensional projection of theNSLS to demonstrate the high resolution of the new Comp-
momentum density. ton spectrometer. Data from two Be single crystals with sur-
Most of the existing Compton spectrometers are based oface normals along thi0.1] and[11.0] directions are pre-
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sented, and analyzed with the help of corresponding highlynisplacing the detector from the focus, was less than 0.1
accurate all-electron computations within the band theongounts/s. The incident photon flux changes due to electron
framework. Be is a good test case for exploring solid statdeam decay; further, the changes are energy dependent as a
effects because as many as half of its electrons are involve@sult of the spectral bandwidth of the insertion device and
in bonding; in fact, the Be Compton spectra are well knownthe monochromator reflection properties. Therefore the inci-
to exhibit one of the largest anisotropies among the elemerfient flux was monitored by measuring current from an air-
tal solids. In addition, x-ray diffraction, neutron diffraction, f|IIed73|on|zat.|on chamber, corrected for air absorption
and the earlier Compton scattering data from Be have showff*E ) and ion production€E) efficiency. The validity of

that the contribution of theslelectrons to the charge density this procedure was further confirmed by comparing the 'ion
is anomaloug—? chamber results with the scattering cross section obtained

Previous momentum density experiments on Be have inJC & IR BN R € e O tead
volved the use of conventional x-ray souré&synchrotron g range. pect, g
radiation v ravsi? as well as positron annihilatidd. on of the scattered photon energy possesses a clear advantage
the th ' t?’ Iy'd i P fthe C N : fil because the overall efficiency of the system can be measured
€ , eoretical side, computations of the Lompton prolie$yn the data corrected reliably as a function of energy. With
(CP’s) based on pseudopotentifisand the self-consistent-

: . SOt : ) position sensitive detectors and dispersive optics, on the
field linear combination of atomic orbitaléSCF-LCAO  yiher hand, the efficiency correction is always more compli-

method* have been reported. We emphasize, however, that,qq
much of this earlier theoreticgl_as well as _experimentgl Work_ Oné potentially serious drawback of scanning the incident
on Be does not possess sufficient resolution to permit & Sefjyiher than the scattered photon energy should be noted. A
ous discussion _of ferr_mology-related issues which clle-arly ré~glitch” in the measured CP appears whenever the scatter-
quire an analysis of fine structural details in the CP’s. ing vector satisfies the diffraction condition for the sum of
An oujtllne of this article is as follow§. The mtroductory_two lattice vectors because the resulting multiple scattering
remarks_ln _Sec. | are followed by experlmental a_nd theoretlBr(,]lgg peak causes the change of the effective flux at the
cal details in Secs. Il and Ill, respectively. Section IV pre-sampje We have taken special care to avoid such glitches in
sents and discusses the main results concerning the CPigg present measurements. For this purpose, an ionization
Section V gives a brief summary with some concluding com-champer was placed behind the sample and the transmission
ments. spectra were recorded simultaneously with the incident en-
ergy scan. The orientation of the sample was then tweaked
Il EXPERIMENT slightly in a directio_n perpenc_iicular to the sqattering pl_ane to
search for an optimal position which avoids the glitches.
The experiments were carried out on the high resolutionThis procedure should be successful more generally because
inelastic scattering beamline X2Ref. 5 at the National even if all the glitches turn out to be unavoidable, the loca-
Synchrotron Light SourcéU.S.A). The radiation from the tions where they occur can be identified.
multipole wiggler source was monochromatized and focused The samples were single crystals of Be. Two different
horizontally using a cylindrically bent triangular $220]  orientations with surface normals alofg0.1] and [11.0]
crystal with an asymmetry angle of 19°, operated in thewere used. Thg00.1] crystal was 2 mm thick in the shape of
Rowland circle geometry; no vertical focusing element wasa rectangle 15 mnfwidth) X 10 mm (heigh). The [11.0]
used. The energy bandwidth of the incident beam was abouwtrystal was 2.9 mm thick in the shape of a cylinder of 20 mm
0.7 eV at 8 keV, the resolution being limited by the sourcediameter. The crystal thickness was chosen to be smaller
size (finite length of the insertion deviteThe beam pos- than the absorption length for Be at these energieg €8
sessed a focal size of 0.2 mm horizontall0 mm vertical mm) so that the multiple scattering effects in the sample as
with a monochromatic flux at the sample of about 0**  well as the effective source size for the analyzer were re-
photons/s. duced. In order to avoid sample degradation due to oxida-
Since the simple relationship of the scattering cross sedion, and also to reduce background associated with air scat-
tion to the ground state momentum profile is only true attering, the crystals were retained in an evacuated can with
large momentum transf&r'®the experiment was carried out thin kapton windows during the measurements. The orienta-
at a scattering angle of 160°. This is the maximum angldion of each sample was checked carefully after mounting in
permitted by the physical position and size of the vacuunthe sample stage by indexing some Bragg reflections using a
chamber. The analyzer was based on a spherically bent phosphoric screen. In actual measurements the sample was
[444] crystal operated in the Rowland circle geometry asturned to be in a symmetric reflection geometry
close as possible to backscattering. The analyzer possessefity,= 6,,~80°). Note that the scattering vector lies along
radius of 1 m(realized by gluing the crystal to a spherical the surface normal only at the elastic line. Over the full scan-
glass mold'’) A circular analyzer crystal area with a diam- ning range(430 e\), the scattering vector deviates by about
eter of 67 mm was used in these measurements. The conthalf a degree from the surface normal. However, this is neg-
bution of the analyzer to the total energy resolution of 0.8 eMigible compared, for example, with the angular resolution
was about 0.3 eV and limited by the source dizeam size (more than 3°) associated with the finite size of the analyzer
at the sampleand imperfections in the bend. Various ele- crystal.
ments of the spectromet&ample, analyzer crystal, and de-  In typical Compton experiments where photons of energy
tecto) were placed in a horizontal scattering plane. w1 and momentuny, are scattered into photons of energy
The photons from the analyzer were measured with as, and momentum ofq, (£=1) the energy shift
standard Nal detector. The background level, obtained by =w;— w, is given roughly byw=qg?/2m+q-p/m where
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80 ——— under the profiles for two independent crystals used were
o@g;% essentially the same, gives further confidence in our data
I e@@g %z, 1 handling procedures. Finally, the experimental spectra were
60 | & % - renormalized so that the total area between 0 and 1.5 a.u.
g % ] equals that under the corresponding theoretical profilesd
ma@ electrons.
?39 . The multiple scattering events for our measurement were
% computed using a Monte Carlo simulation; for the two

40 -

cps

I % samples used in the experiment, this contribution is esti-
20 - P *, l mated to be about 7% and 9%ntegrated over the full
ety - profile).1%2° We expect these estimates to be overestimates
o Las A since the simulation does not properly take into account the
7900 8000 8100 8200 8300 8400 fact that the analyzer crystal effectively detects photons scat-
E (eV) te_red only into a very narrow solid angle from a smgll irra-
diated volume. An effort to better model our experimental
situation by modifying the existing multiple scattering codes
FIG. 1. Energy spectrunraw data from a polycrystalline Be is in progress® For present purposes, the important point,
sample having thickness of 2%0m. The elastic line is at 7920 eV. however, is that the multiple scattering events give a rather
In the actual measurement from single crystal samples only data osmooth, slowly varying background to the single scattering
the high energy side were collected. profile. Therefore their inclusion has little effect on the
anisotropies and the derivatives of the Compton profiles
q=,—q, andp is the value of the electron’s momentum in Which are our main concern here. For these reasons, we have
its ground state. In our cagp=2q,=4pg (pg is the Fermi chosen not to correct the final Compton profiles given in this

momentum of Be and g2/2m=140 eV. A typical energy article for multiple scattering effects.
spectrum is shown in Fig. 1. The spectra were obtained by
scanning the incident photon energy for a fixed scattered IIl. THEORY
photon energy(7920 eV} at the analyzing crystal Bragg
angle of 86.9°. The incident energies were scanned from The present computations are based on the all-electron
8160 eV, to 8347 eV, which corresponds to the momentuncharge self-consistent Korringa-Kohn-RostokdKKR)
range of—0.05 a.u. to 1.51 a.u. on the high energy loss sidemethodology** The crystal potential is assumed to possess a
of the CP. The choice of the high energy loss side of thenonoverlapping muffin-tin form, i.e., the potential is spheri-
profile allows us to avoid the fine structure related to the Becally symmetric within the muffin tins and constaizero
K edge atw = 112 eV (=—1.13 a.u.. Of course there is outside. The exchange-correlation effects are incorporated
still a slowly varying Is contribution present which gives a within the von Barth—Hedf local density approximation.
rather uniform background. However, in the difference pro-As a prelude to the CP calculations, the band structure prob-
file between two different crystal orientations this contribu-lem was solved to a high degree of self-consistef@ergy
tion cancels out. bands, Fermi energy, and crystal potential converged to
The spectra were collected with a step size of 0.5 e\about 1 meV for the hcp Be lattice §=4.3289 a.u.,
(0.004 a.u, the measurement time per point being 10 s. Thec=6.7675 a.u. Using the converged potential, the electronic
count rate at the Compton peak was about 500 counts/s. F@rave functions were then obtained over 1880 initio k
each crystal direction eight separate spectra were collectegipints in the irreducible 1/24th of the Brillouin zorBZz).
yielding a total of 4 10* counts at the peak, and the asso-This basic data set permits an efficient evaluation of the elec-
ciated statistical accuracy of 0.5%. At high momenta wherdron momentum densityi(p) over a 24< 1800x 183 p-point
the count rates were lower, the statistical accuracy was 1.19mesh extending to about 5.0 a.u.; here elagvint is trans-
The total number of counts in the profile between 0 and 1.3ated via reciprocal lattice vectors to obtaiip) at 183p
a.u. was about 10 Between separate scans the position ofpoints; the factor of 24 takes the symmetry of the lattice into
the elastic line was checked for possible energy drifts, buaccount.
changes observed were less than 0.1 eV in all cases. In order The CP along any direction may be computed by integrat-
to examine the possible presence of glitches and drifts ai;ig n(p) over a series of planes corresponding to different
well as the validity of our normalization procedure, the eightmomentum transferp, along the surface normal. Care is
normalized spectra for each orientation were compared toecessary in carrying out these two-dimensional integrals
each other and found to be identical within the experimentasince n(p) varies rather slowly with momentum and pos-
statistics. sesses sharp structures arising from FS crossings. For this
The summed spectrum for each crystal orientation wapurpose, we have developed highly vectorized computer
corrected for sample, air, and kapton window absorptiorcodes applicable to general lattices using the tetrahedral
which varied only by a few percent over the full scan range method of Lehmann and TafitResults fo00.1] and[11.0]
The spectrum was then transformed to the momentpgh ( CP’s of Be have been obtained on a momentum mesh vary-
scale using a standard relativistic forméffaNo background ing from 0.01 a.u. to 0.05 a.u., and are accurate to a few parts
subtraction was performed since, as already noted above, tfie 103. The total number of valence electrons is reproduced
background level in our experiment was insignificantly low. correctly to one part in 1®by the theoretical CP’s over the
The fact that, at this stage, after all the corrections, the areasnge 0—5 a.u. The Lam-Platzman correctfdn the CP’s is
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FIG. 2. Different contributions to the total momentum resolution
for the parameters appropriate to this experimént,; and A w, N
refer to the effects of energy resolution of the incident and scattered & 1.0
beams. The total resolution is seen to be dominated by the uncer- -
tainty A @ in the scattering angle due to the finite analyzer crystal
size. 05|

qll[11.0}

.....

included based on the occupation number density for the C : L . . . L3
uniform electron gas. Finally, we note that the overall shape 0.0 0.5 1.0 1.5
and anisotropy of our CP’s is consistent with the earlier theo- p,(a.u.)

retical CP’s of Refs. 11 and 14.

FIG. 3. Experimental Compton profiles along tf@0.1] and
[11.0] directions are compared with the corresponding resolution
We discuss the momentum resolution of our setup ﬁrsproz_idened theoretical profilésolid lineg. An appropriately nor-
with reference to Fig. 2. As can be seen from the figure thénall.zeq free-electron parabola combineq with the. theoretical core

resolution varies slightly within our scanning range and jgprofile is alsp showr(dashed The_ statistical error in the experi-
about 0.028 a.u. at the Be Fermi break. The total resolutiof"éntal data is smaller than the size of the plotting symbol.
was estimated by adding quadratically the partial contribu-
tions resulting from energy resolutiodsw; andAw, of the  and two valence electrons per atom, Be contains four elec-
incident and scattered photons, respectively, and the uncetrons per unit cell which can in principle be accommodated
tainty A @ in the scattering angle due to the finite size of thein two full bands. In the actual system, however, the third
crystal analyzer. In this connection, the partial derivativesband is partially occupied, yielding the cigars, leaving an
p,ldwq, dp,/dw,, and dp,/36 were evaluated via exact equal number of holes in the second band corresponding to
analytical formulas. For our experiment, approximate formu-he coronet.
las often used in the literaturesee, e.g., Ref. 25are not The directional CP’s are presented in Fig’3.he overall
applicable, and yield, in particular, the contribution from shape of th¢00.1] as well as th¢11.0] profile is in reason-
A 6 which is too small roughly by a factor of @ee Appen- able accord between theory and experiment. The profiles are
dix). Note that for experiments using dispersive optics withseen to differ substantially from the free-electron parabola,
position sensitive detectors, the momentum resolution igndicating that solid state effects are quite strong in Be. In
dominated by the energy resolution. In contrast, with lowthis connection, Fig. 4, which shows the three-dimensional
energies and a relatively large size of the analyzer crystal3D) electron momentum density(p) along the principal
the momentum resolution in our case is dominated by theymmetry directions, is illustrative. In tt80.1] direction, as
angular resolutior(see Fig. 2 and could be improved sig- a band gap opens up(p) varies smoothly through the free-
nificantly by slitting down the analyzer crystal opening at theelectron radius, and remains quite high up to the boundary
expense of the count rate. Although we have chosen a rath@nr/c of the second BZ after which it decays rapidly. In
large analyzer solid angle to achieve better statistics, a masontrast,p(p) is more or less free-electron-like in th&1.0]
saic analyzer crystal with a relatively poor energy resolutiorand [10.0] directions. An examination of the computed
(say ~2 eV) would significantly increase detection effi- p(p) more generally indicates that in the basal plane and in
ciency with little degradation of the overall momentum reso-(001) planes with smalk, valuesp(p) may be described as
lution. a slice of the free-electron sphere modulated by the FS to-
Before discussing the CP’s, it will be helpful to recall that pology of Be. However, as one moves away from the zone
the FS of Be(Refs. 10 and 26is well known to consist of center along th€001) direction and FS crossings disappear,
two sheets, namely, the holelike “coronet,” and the elec-the “occupied region”(i.e., region of high momentum den-
tronlike “cigars” (see Figs. 10—-12 of Ref. 26 for illustra- sity) in Be roughly resembles the shape of the second BZ.
tions of these FS sheetdVith two atoms per hcp unit cell (For useful depictions of the second BZ of Be see Fig. 4 of

IV. RESULTS AND DISCUSSION



HIGH-RESOLUTION COMPTON SCATTERING STUDY OF Be

0.6

0.4

5457

0.15 . , . | . ,

O Experiment
KKR Theory 7
---o--- Loupias et al. ]

0.10

q1[00.1] 0.05

—— KKR Theory
------- Free Electron

0.2 0.00

J001 - J11o

-0.05

0.0 . '
-0.10

-0.15 . 1 ) ] A 1
0.0 0.5 1.0 1.5

p,(a.u.)

FIG. 5. Experimental anisotropy profil&gy,— J119, iS shown in
comparison with the earlier 0.1 a.u. resolution Compton data of
Loupiaset al. (Ref. 1), and the present calculations. The size of the
plotting symbol corresponds to statistical error.

better able to focus on the structure in the CP’s. The shape of
] AJ is thus insensitive to the details of a number of uncer-
. tainties inherent in comparing theory and experiment; no-
table among these af@ data analysis, in particular, back-
ground subtraction and absorption correction discussed in
Sec. Il abovef(ii) the contribution from the 4 core which is
isotropic even though it appears to be asymm#tiit Be as
a function of momentum transfe(jii) multiple scattering
contribution which also does not possess any noticeable di-
rectional dependence. However, even an isotropic contribu-

FIG. 4. Computed 3D momentum density along the three printion can influence the amplitude @fJ indirectly via the
cipal symmetry directions in Be. The corresponding free-electrornormalization of the profile.
results are shown for comparisrotted. Figure 5 shows that the characteristic oscillations of the
measured\J curve are reproduced quite well by the theory,
including the asymmetric shape of the peak at about 0.8 a.u.,
and the dip around 0.4 a.u. Since all profiles are normalized
similarly, the area undeAJ is zero, andAJ is expected to
possess an oscillatory behavior. The amplitudes of the theo-
retical and experimental curves in Fig. 5 are similar for ex-
) . . trema aroundp,=0 and p,=0.4 a.u. Notably, around
is a subtle FS effeqtOn the other handl, ois quite flat for ,=0, theory predicts a small decrease while the experiment
small'momentgm values since in this case We are mtggrgtm hows an increase; this effect arises from a dipat0 in
p(p) in a vertical plane where the occupied area is littley,q computed00.1] CP, which is present also in the compu-
changed until one reaches thepoint in the corner of the  ations of Ref. 11. The theoretical anisotropy is, however,
second BZ. _ o more pronounced for extrema aroupg=0.8 a.u. and 1.0

In a recent high-resolution Compton study of(see Fig.  a.u. and may reflect electron correlation effects, a point to
1 of Ref. 28, the measured CP’s along the three principalwhich we return below. Incidentally, our data are consistent
directions were found to be lower than the correspondingyith the lower-resolution earlier Compton data of Loupias
band theory computations at low momentum transfers. Interet all
estingly, Fig. 3 does not show such a discrepancy between |t is necessary to take derivatives of the CP’s in order to
theory and experiment. This result could, however, be amnhance and identify Fermi surface related structure in the
artifact since our measurements extend only up to about 1.8ata. Straight numerical differentiation is not sensible since
a.u. whereas the core contribution extends to much highewith our statistics the high frequency noise becomes unac-
momenta. In order to establish this point more clearly,ceptable. Smoothing of the data by averaging over multiple
Compton data for higher momentum transfers in Be will bebins is also not appropriate as it would lead to a loss of
valuable. Then the core contribution could be separated fromesolution. We have empirically settled down to take deriva-
the total CP, allowing a more satisfactory comparison betives via Fourier transform with simultaneous low-pass fil-
tween theory and experiment at low momenta where theering. We have used a cosine shaped filter where the cutoff
shape of the CP is dominated by the valence electrons.  frequency corresponds to 0.04 a.u.

Figure 5 considers the anisotrogyd=Jyg;—J110, and Figure 6 considers the first derivatives of the CP’s. The
provides further insight into the behavior of CP’s. In this unbroadened theory curvédotted display a number of FS
way, as the isotropic parts of the profiles are removed, one ifeatures marked by various letters. A detailed analysis shows

0.0 : ! : L : '
0.0 0.5 1.0

p(a.u.)

Ref. 10, and also Fig. 4 of Ref. )2These remarks help
explain some of the differences in the shapeslgf and
Ji10in Fig. 3. For example)yy;, decreases relatively rapidly
nearp,=0 because here we are essentially intersecting th
free-electron distribution(The small rise inJyy; nearp,=0
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dip corresponding tcC in the [11.0] data is discerniblé®
This may indicate thatC suffers a rather large intrinsic

broadening in the actual system. Note that siiearises
from electron pockets of fairly small cross section in the
basal planeC may be rather sensitive to the crystal orienta-
tion. In any event, high-resolution, high statistics Compton
measurements on Be and other relatively simple systems
should give insight into these questions, in addition to allow-
ing the possibility of observing the aforementioned FS sig-
naturesA, B, D, andE. In Be, it will be best to measure the
Compton profile along a direction in the basal plane where
the FS cutoff is sharp and unencumbered by the presence of
nearby gaps or other delicate band structure feat(wés
reference to Fig. 4, bottom pangl,0.0] direction appears to
be a good candidake
Figures 3, 5, and 6 all show that the features at 0.9 a.u. in
the (001) and 1 a.u. in th€110 spectrum are clearly nar-
rower in the theory compared to the experiment. In a recent
high-resolution Compton study of Li, Sakuetial.?® report a
similar smearing of the FS features, and suggest that this
| discrepancy originates from electron correlation effects be-
4r c T yond the LDA approximated in the standard band theory
— based treatment of the CP’s. Other mechanisms that may
play a role in this regard are the breakdown of the impulse
approximation especially for relatively low recoil energis,
and possible electron-phonon effects. Further work to pin
down the origin of this discrepancy should prove most inter-
esting.

q1100.1]

dJ/dp,
&)

Experiment
- KKR Theory

-4 |- — Theory (broadened) u

dJ/dp,

0.0 0.5 1.0 1.5

FIG. 6. First derivatives of the experimental and theoretical
Compton profiles along thg00.1] and[11.0] directions. The theo-
retical derivatives without resolution broadenitdptted lineg are
also shown in order to more clearly expose various Fermi surface
features in the spectra, denoted by lettArsF, discussed in the
text.

V. SUMMARY AND CONCLUSIONS

In summary, we have reported high-resolution Compton
scattering measurements in Be together with corresponding
highly accurate first-principles all-electron computations
cigar sheets, the broad featuBearound 0.55 a.u. from a within the band theory framework. These are results of ex-
combination of coronets and cigars, while the sharp@ligt  periments carried out on the newly developed crystal spec-
about 1 a.u. is due to the surface of the cigar in the third BArometer at the Brookhaven light source which is capable of
around theK point in the basal plane. Alon@0.1], D and  a record momentum resolutigfull width at half maximum
E at about 0.1 a.u. and 0.5 a.u., respectively, mark the verFWHM)] of 0.02 a.u. Compton profiles from two single
tical dimensions of the coronets and the cigar; the prominengrystals with surface normals along the0.1] and [11.0]
dip F is not a FS feature but is related to the position of thedirections are presented and discussed. The overall shapes of
top surface of the second BZ alof§0.1], where, as we the experimental directional profileky; and J;1o, the an-
pointed out in connection with Fig. 4 above, the momentumisotropy Jgp;— J1109, as well as the first derivatives of the
density decreases rapidly. spectra are in reasonable accord with the theoretical predic-

Important for the present comparison between theory andons. More important in connection with fermiology related
experiment in Fig. 6 are the smoothed theoretical derivativéssues, however, is the fine structure in the data, and in this
spectrathin solid); these curves include the effect of experi- regard there are significant discrepancies between the theory
mental resolution broadening in the computation, and havend experiment. In particular, several features in the ob-
been processed in a manner identical to that used in obtaigerved spectra are substantially broader than the computa-
ing the smoothed experimental derivativdsick solid viaa  tions, reflecting presumably the effects of electron correla-
low-pass filter as indicated before in the text. By comparingtions beyond the local density approximationDA), and
the dotted and thin solid curves, we see that the broadeningossibly also the breakdown of the impulse approximation,
and filtering process essentially washes out all features in th&nd other mechanisms. Further, a theoretically predicted fea-
theoretical spectra exceptandC. It is clear, therefore, that ture associated with the cigar Fermi surface sheet is not ob-
the combination of resolution and statistics employed in thiserved in the measured spectra. We comment on these
experiment is not adequate for observing featukes, D, points, and suggest that a higher statistics Compton study of
andE. Be will be valuable. The present work clearly demonstrates

Turning to feature$ andC, F is observed clearly in the that the high-resolution Compton technique constitutes a use-
experimental00.1] CP, but the width of in the experimen-  ful tool for investigating fermiology related issues in materi-
tal curve is larger than theory. On the other hand, no cleaals.

that along[11.0], the structureA at ~0.4 a.u. arises from
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ap, malwz[wf—F wg— w10+ MC(w1— wy) — ww,C0H]Sing
a0 mcz(war a)g—Zwlwzcosﬁ)S/Z '

(A1)

At the limit w;~ w5 this leads to the approximative formuld) in Ref. 25 which is not valid in our case.
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