ARPES Results of ’122’ Iron-based Superconductors
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This paper shows several angle-resolved photoemission spectroscopy (ARPES) results of iron-
based superconductors. It only contains the results for 122 system, which are very similar to 1111
system. The band structure and Fermi surfaces: two hole-like pockets around I' point and one
electron-like pocket around M point, are in a good agreement with band structure calculations

PACS numbers:

I. INTRODUCTION

The discovery of superconductivity in iron pnictides has attracted considerable interest of the condensed matter
physics community [1]. The superconductivity has been observed in both 1111 and 122 system. These super-
conductors display a fascinating interplay between magnetism and superconductivity. Two kinds of techniques
are mainly performed to study these materials. One is the neutron scattering experiments which show a spin-
density-wave (SDW) ground state [3-5] in the parent compounds. The other is the angle-resolved photoemission
spectroscopy (ARPES) is a powerful technique to study this material, which can show the details of the electron
structure of this material [7-13, 16-20].
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FIG. 1: geometry of an ARPES experiment in which the emission direction of the photoelectron is specified by the polar ()
and azimuthal () angles.

To study the electronic structure of high-Tc superconductors, ARPES plays a major role because it is the most
direct method to measure the energy and momentum of electrons simultaneously. The geometry of an ARPES
experiment [2] is sketched in Fig. 1. With the incidence of monochromatic photons, the electrons in the sample are
emitted by the photoelectric effect and escape into the vacuum in all directions. By measuring (calculating) the
energy and momentum of these collective photoelectrons, one can plot the energy-momentum dispersions, which
gives the band structure and FS of the sample.

The crystal structure of 122 parent compound is shown in Fig. 2 [6]. It contains the FeAs layer as the 1111 system
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FIG. 2: Crystal structure of AFezAss (A=Ba, Sr, Ca).

does. The parent compounds undergo a tetragonal to orthorhombic structural transition accompanied by a magnetic
transition which exhibits a SDW state below a transition temperature Tspw.

II. ARPES STUDY OF IRON-BASED SUPERCONDUCTORS

(1) BaFeaAss

FIG. 3: Constant energy mapping of BaFezAss in the SDW state. (c) Constant energy maps across the I'-X region at Ep=0,
10meV, 20meV, and 30meV. (d) Maps in (c) overlaid with dots marking the constant energy contours of the bands. Green
marks donote hole-like features while blue marks denote electron-like features.

The Fermi surface (FS) of BaFesAsy is shown in Fig. 3 [7]. Around the zone center (I' point), there exist two
enclosed pockets which are hole-like-increasing the binding energy results in a larger size of the pockets. Around
these two pockets, four petal-like pockets are observed below the SDW transition temperature Tspw, which disappear
above Tspw. These four petal-like pockets are electron-like because the size of the pockets become smaller with
the binding energy increased. But these four pockets are absent in some experiments due to the low resolution of
ARPES. Around the zone corner (M point), an electron-like pocket can be observed in both above and below Tspw

cases. Four petal-like pockets are observed again around the M point, but they are hole-like which is opposite to the
case around the I" point.
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FIG. 4: Reconstruction of the electronic structure. (i) (j) Parallel cuts through the electronic structure of BaFes Asa, set apart
by (mw,7). (k) Simplest model showing the result of folding of single hole- and electron-like bands.

The band structure of BaFezAs, is shown in Fig. 4 [8]. A simplest model illustrates that the hole-like petal pockets
and the electron-like pocket around M point results from the folding of single hole- and electron-like bands, as shown
in Fig. 4(k). In the LDA calculation [14-16], the interaction of the (m,7) replica of the I'-centered hole-like band with

the M-centered electron-like band implies that nesting plays an key role in the reconstruction of the Fermi surfaces
of this material.

(2) SI‘FGQASQ

A typical electronic structure of SrFegsAsy in Fig. 5 [17]. At high temperature, there are only two hole-like pockets
around T point and one electron-like pocket around M point. At low temperature(SDW state), four petal like pockets
appear around I' point and four appear around M point. But the four pockets around I' point are hole-like which
is opposite to the BaFes Asy case. Therefore, these two case are very similar except the only difference mentioned above.

Ep

-40meV

03 00 03 06 08
Low (N High High B Low  Low [T §High

ﬁz‘ .'P‘

40meV

03 00 03 06 03
ky (A7)

FIG. 5: Electronic structure of SrFezAsz. (a) Photonemission intensity along I' - M cut as indicated in panel d. (b) The second
derivative of the data in panel a. (¢) The MDC’s near Fermi energy for the data in panel a. (d) Photonemission intensity map
at Er in the Brillouin zone, where the measured Fermi surface sheets are shown by dashed curves. Data were taken at 230K.
(e,f,g,h) are the same as in panel a,b,c,d respectively, but taken at 10K.

(3) CaFeqAsq



The ARPES data of CaFeyAss at low temperature is presented in Fig. 6 [19]. At I point, the two hole-like pockets
is given by the bands o and 3. And the petal like pocket given by band + is hole-like, similar as the SrFesAss case.
At M point, the shape of Fermi surface is identical to that of BaFesAss.
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FIG. 6: ARPES data of CaFeyAss low temperature orthorhombic phase (T=12K) for a few photon energies. (a)-(d) ARPES
intensity integrated within 10 meV about p for hy = 35, 40, 50, and 60 eV, respectively. (e)-(f) Band dispersion data along
the I'-X direction for hy = 40 and 50 eV. «, 3,~ correspond to different bands that cross pu.

(4) Three-dimensional property

This iron pnictides superconductors are more three-dimensional than cuprate superconductors. In ARPES experi-
ments, the z component of the momentum is identified by the incident energy of the photon. In Fig. 6(a)(b)(c)(d),
the bands that form the I' pocket changes dramatically with the incident photon energies while the bands around
the M stay invariable. The Fig. 7 gives a clearer illustration about this point with the k, dispersion [20].

& mie]

1.4 1.4
Koy [Wal Ky [al

FIG. 7: k. dispersion data for CaFezAss low temperature orthorhombic phase (T = 40 K). (a) k. dispersion data obtained
by plotting ARPES intensity integrated within 10 meV about p as a function of k(1109) and the energy of the incident photons.

The photon energy range used was from 35 to 105 eV. (b) Fermi momentum kr was extracted from the data in panel (a) using
the peak positions of the MDC’s.

(5) Theoretical results



The Mean-field Approximation (MFA) is applied to the 5-orbital model [21]. The Hamiltonian reads:

Ho = (as(k) + abap) di, (K)dao (K), (1)

k,o «a,0

J
Hiyy = Uzni,a,Tni,a,i + (U - 5) Z N4,aM4,8

i,a<p

~2J 3 Sia-Sig. (2)

i,a<p

where df (k) creates a particle with momentum k and spin ¢ in the orbital o, and ¢, refers to the on-site energy
of orbital @. And S;, (ni) is the spin (charge density) of orbital « at site i, and njq = i, + Nia, - These
terms refer to, accordingly, an on-site intra-orbital Hubbard repulsion, an inter-orbital repulsion, and a finite Hund
coupling. Here we have U’ = U — 2J.

Fig. 8 shows a typical result including the band structure from I' point to M point and Fermi surface (FS). From
the FS, there are two enclosed hole-like pockets around I point and one enclosed electron-like pocket around M point.
Also four petal-like pockets are observed in this case, which is consistent with the ARPES results.
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FIG. 8: band structure and Fermi surface. Here J/U=0.28 and U=1.45.

III. CONCLUSIONS

In conclusion, the most recent ARPES results of 122 system of iron-based superconductors are summarized here.
There are two hole-like pockets around the I' point and four petal like pockets around these two pockets, which are
electron-like in BaFesAss case but hole-like in other two cases. Referring to the M point, four petal like pockets,
which are hole-like, are around an electron-like enclosed pocket. The electron structure of these materials shows an
interesting point that they are more three-dimensional than the cuprates. Also the Mean-field calculation shows the
consistency with the ARPES results.
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