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Soft x-ray spectroscopy experiments on the neaK-edge of B inMB, (M=Mg, Al, Ta, and Nb)
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Soft x-ray-absorption and emission measurements are performed fidretige of B inMB, (M =Mg, Al,
Ta, and Nb. Unique feature of MgBwith a high density of the B @,,(o) state below and above the Fermi
edge, which extends to 1 eV above the edge, is confirmed. In contrast, thedBriity of states in AlIBand
TaB,, both of occupied and unoccupied states, decreased linearly towards the Fermi energy and showed a dip
at the Fermi energy. Furthermore, there is a broadening of the peakgwittharacter in x-ray emission
spectra and x-ray-absorption sepctra of AlBhich is due to the increase of three dimensionality in floe
band in AIB,. The density of stateOS) of NbB, has a dip just below the Fermi energy. The present results
indicate that the large DOS of Bpzr states near the Fermi energy are crucial for the superconductivity of
MgB..
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Since the discovery of superconductivity in MgRith a  conductor by Gasparast al® T, of NbB, is also controver-
transition temperaturd, of 39 K by Nagamatstet al,' a  sial: T.=6 K by Cooperet al,’* 5.2 K by Akimitsuet al., %
large number of researches from experiméritahd theoret- and 0.62 K by Leyarovskaya and Leyarov8kiwhile Gas-
ical pointé of view have been performed, to explain the pa:ﬁ"ﬂ:g%?g:gn'tt stlsj (;iynv(\)/zsgr%ig:r?tnf?ayogmis$DOES) and
iupsel:conductlng properties and mechaTsm of this new hlghabsorption SpectréXAS) near the bororiB) K-edge inM B,

¢ superconductor. The observdd of ~40 K seems to -
exceed the upper bound of the transition temperatur c'J\ilaT f'\l/lugérégclﬁ'c Zn;/jiell\lojt?fF)%\Sar\:\ija?hrgetgfaltjlree(ljeg'%/robno?/]ieflr(]je
e o 2P P! (TEY) messurements at e same e, XES nd XS st
' . . X . -ies are powerful tools to probe the filled and empty elec-
superconducting mechanism is conventional or not. In thigyqic states of a specific orbital. The reason we choose bo-
context, Bud'koet al. reported a boron isotope effect ef o js pecause the band calculations for MgBdicate that
=0.26, which suggests that phonons are playing an impofhe hands near the Fermi energy are mainly composed from
tant role in the occurrence of superconductivity in thisporon 2o orbitals. By measuring the dipole transition be-
compound’ Tunneling results indicate aswave nature of tween 2 states and 4 core level of boron, we can specifi-
superconductivity. Theoretically, band calculations have cally probe the partial density of stat¢BDOS of B 2p
suggested strong electron-phonon couplingAll this evi-  stafes. Furthermore, XES and XAS by TFY are not surface
dence supports the conventional BCS-type superconductivityensitive in contrast to photoelectron spectroscopy.
in MgB,. However, a detailed analysis of the specific heat The commercial specimens from Rare-Metallic Co. were
and recent high-resolution XPS experiment indicate that theised as samples df1B, (M=Mg, Al, Ta, and Nb. The
superconducting gap must be anisotropic or two-bangpecimens were examined by powder x-ray-diffraction
like. 1415 (XRD) measurements.

In order to clarify the mechanism of high: supercon- XRD measurements showed a single phase pyBe
ductivity in MgB,, it is important to investigate the differ- pattern for all specimens. The dc magnetizations were mea-
ence in the electronic states between M@iad other related sured with a superconducting quantum interference device
compoundsMB, (M=AIl, Ta, and NbH. MgB, is a super- (SQUID) magnetometer in the temperature range from 1.8 to
conductor withT,=39 K as mentioned, while AlBhas 100 K. The temperature dependencies of the susceptibility
been reported to be a nonsupercondutidraB, has been indicate that the superconducting transition temperature of
reported as a superconductor of 9.5 K by Kaczorowskiabout 38 K for MgB, and no superconducting transition for
et al,'” while it has recently been reported to be a nonsuperTaB,, NbB,, and AlB, above 1.8 K.
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FIG. 1. (a) The observed XES@) and XAS (@) spectra of FIG. 2. (@ The observed XESQ®) and XAS (@) spectra of

MgB,. (b) The sum of XES and XASI[{) and the theoretical AlB>. (b) The sum of XES and XASI().

PDOS (solid line) derived from FLAPW method broadened with ] ) )
experimental resolution. corresponds to antibondings™ state predicted by a band

calculation. Thus peak D contains both the* and reso-

The soft x-ray emission and absorption spectroscopiesance state op7* states.
were performed at BL-8.0.1 of Advanced Light Source Figure 2a shows XES and XAS of AIB. The intensity
(ALS) in LBNL. The resolutions of emission and absorption of XES is normalized so that the area intensity coincides
spectra are 0.3 and 0.1 eV, respectively. In order to calibrateith that for MgB, below Eg, while the intensity of XAS is
energy, XAS by TEY were also measured at the well cali-scaled so that the intensity in the high-energy regin,
brated beam line BL-6.3.2 of the ALS. The XAS for MIB, =198 eV, coincides with that for MgB In the high-energy
compounds obtained by TEY shows a sharp peak at abouegion, XAS shows no strong characteristic peaks. A broad
193.8 eV, which is attributed to boron oxid&syhile the tail of XES below 183 eV is similar to that of MgBbut the
XAS obtained by TFY shows no detectable peak at abouvalue of Ef shifts to be 187.5 eV. The form of XES of A}B
194 eV. These results indicate that there is a small amount a§ broad compared to that of MgBFigure Zb) shows ex-
boron oxide only on the surface, but not inside the bulk.perimental PDOS derived from the sum of XES and XAS. A
Here, we present the XAS obtained by TFY, so the presentedip is observed at about 188 eV near the Fermi energy, indi-
results are free from the influence of boron oxides. cating that the B p PDOS around the Fermi energy is dras-

Figure Xa) shows XES (O) and XAS (@) of MgB,. The tically reduced compared to that in MgBThis is the major
sharp decrease of XES and XAS at about 186.3 eV is attribdifference between MgBand AlIB,.
uted to the Fermi energy measured from theecbre level. This difference can be understood from results of the band
The solid line in Fig. 1b) is the boron PDOS obtained from calculation for AIB,.1? Namely, there are several factors that
a band-structure calculatidnwhere we have taken into ac- make the boron g PDOS around the Fermi level in A}B
count the effect of the instrumental resolution by Gaussiamuch smaller than in MgB First of all, the bondingo
broadening. The intensities of experimental XES and XAS inbands, whose tops are located above the Fermi level in
Fig. 1(a) are scaled to the theoretical PDOS in the energyMgB,, are fully filled in AIB,. Second, the Fermi level is
region E<182 eV for XES and 187 e¥E<191 eV for located at a point where the top of the bonding and bottom of
XAS. The sum of the experimental XES and XAS are alsothe antibondings bands touch with each other at the
plotted in Fig. 1b). It can be seen that the overall feature of point. If the system were purely two dimensional, this would
both XES and XAS, including the existence of a large PDOSe a point where the DOS vanishes linearly as a function of
around the Fermi energy, are remarkably well reproduced bgnergy. Although ther band is three dimensional, the above
the band-structure calculation, enabling us to attribute eactwo-dimensional property remains because the system is an-
observed structure tp7r and/orpo states. Namely, the ex- isotropic.
istence of peaks A and B, which is consistent with recent The difference between MgBand AIB, can qualitatively
studies’ are characteristic of bondingo states'*! The re-  be understood within a simple rigid-band model, namely by
gion C in the energy range from 187 to 191 eV is attributedsimply shifting the Fermi energy as mentioned above. To be
to thepr states. A sharp peak D at about 192 eV in XAS ismore precise, there are some quantitative differences, whose
reported to be a resonance peakpf* state> and also origin seems to lie beyond a rigid band picture. Namely, in
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FIG. 3. The observed XESX) and XAS (@) spectra of TaB. FIG. 4. The observed XESX) and XAS (@) spectra of NbB.

) ) ) o pm band filling is also different between MgBand other

AlB, the intensity of XAS just above the dip is larger than materials as mentioned above, which should result in a large
that in MgB,, while the intensity of peaks A and D is sup- difference in the shape of theer band Fermi surfaces. Let us
pressed. Looking again into the band calculation resultspote that the shape of the Fermi surfaces can play an essen-
these features may be attributed to the increase of three dial role in the occurrence of superconductivity. For example,
mensionality in AlB. in those mechanisms that exploit nesting between the Fermi

The XES and XAS of TaBare similar to those for AIB  surfaces of bonding and antibondimgbands®®~?*the shape
except for a shift in the Fermi enerdffig. 3 up to 188.6 eV, of the Fermi surfacegnamely therwr-band filling) is crucial.
owing to a larger band filling compared with AIBThe B2» ~ We believe that further studies are necessary to clarify this
PDOS at the Fermi energy is similar to that for AlBso if ~ point.
TaB, is indeed superconducting, the difference between
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