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Fig. 1 (Color online) Phase diagram (a) and crystal structure (b)
of 122-type iron pnictide superconductors.
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Fig. 2 (Color online) Fermi surfaces of iron based superconduc-
tors® (a) and pairing interaction mediated by spin fluctua-
tions! (b).
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Fig. 3 (Color online) Superconducting and magnetic transition
temperatures (7. and Ty) of Ba(Fe,_,T,),As,, (T-122: T=
Co, Ni, Cu)#41%, (a): Plotted as functions of the number of
substituted transition-metal atoms per Fe site, x. (b): Plot-
ted as functions of nominal extra electron number per Fe site
X, 2x, and 3x for Co—, Ni—, and Cu-122, respectively.
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Fig. 4 (Color online) Angle-integrated photoemission spectra of
Ni—122 [panel (a)] and Cu—122 [panel (b)]. Partial density
of states for Ni and Cu 3d orbitals obtained by band-struc-
ture calculation!® are also plotted. Shaded area shows the
energy region dominated by Ni and Cu 3d-derived states.
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Fig. 5 (Color online) ARPES intensity plot in kj—k, momentum
space for Ni—-122 and Cu-122 obtained by Av-dependent
ARPES measurements. (al)—(a4): Hole and electron FSs
for Ni—122. (b1)-(b4): Hole and electron FSs for Cu—122.
kg points of the hole and electron FSs are plotted by black
dots. The ARPES intensity plots have been symmetrized
with respect to symmetry lines.
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Fig. 6 (Color online) Hole and electron FS volumes from the
ARPES data of BaFe,As,, Co—122, Ni-122, and Cu-122
plotted as functions of the nominal extra electron number.
(a): Hole FS volume n;,. (b): Electron FS volume 7. (c):
Total FS volume ng—n;,. Black dashed line shows the behav-
ior (n—ny,=extra electron per Fe/T site) expected from the
rigid-band model. BaFe,As, and Co-122 data are taken from
Ref. 17. (d) T, and Ty of Ba(Fe, T,),As, (T=Co, Ni,
Cu)416 plotted as functions of the total FS volume ng—n;,
evaluated by ARPES. Panel (e) is a magnified plot of T,.
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Fig. 7 (Color online) Fermi surfaces of BaFe,(As;_P,), (x=0.38)
observed by ARPES?Y. (a), (b) ARPES intensity at Ep
mapped in the ky—ky plane taken at several photon energies.
The Brillouin zone boundary is shown by blue lines. Red dots
indicate kg positions determined by the peak positions of
momentum distribution curves. (c¢) Fermi surface mapping
in the k/—k, plane obtained by changing the photon energy.
(d) Band-structure calculation for x=0.4.
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Fig. 8 (Color online) Line nodes in the superconducting gap of
iron-based superconductors predicted by theoretical studies.
(a) horizontal node in the hole FS around the Z point?%. (b)
Loop-like nodes in the electron FSs27.
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Fig. 9 (Color online) Superconducting gap observed on the hole
FSs in BaFe,(As; ,P,), (x=0.30, T.=30K) around the Z
point (hv=35¢eV). (a) Temperature dependence of the sym-
metrized ARPES spectra in ky direction with a circularly
polarized light. Fermi momentum ks are indicated by ar-
rows in the data at T=100K. (b1) (b2) EDCs at k. for the
outer and inner hole FSs. Gaps open not only for the data be-
low T, but also for the higher temperatures, indicating pseu-

dogap behavior.
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Fig. 10 (Color online) Superconducting gap observed on the hole FSs with various k, in BaFe, (As;_,P,), (x=0.30). (a)

Correspondence between incident photon energy, k. and the three-dimensional hole FSs (blue curves). (b) (c)
Second derivative plots of the ARPES spectra around the /" and Z points. Around the I” point, three QP disper-
sions are clearly resolved. (d—f) Symmetrized EDCs at kj points in the I—X direction taken below T,. Vertical
bars indicate the gap energy. (g) Gaps estimated in panels d—f are plotted as a function of Av.
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Fig. 11 (Color online) Superconducting gap anisotropy observed on the electron FSs around the X point in BaFe, (As;,
P,), (x=0.30, 7.=30K) taken at hv=40¢€V. (a) Fermi surface mapping using a circularly polarized light. The
Fermi angle is defined so that the direction from X to I"is z5=0. (b) EDCs at kptaken below T, (T=13 K) and
compared with gold spectra. (c) (d) EDCs at k taken below (7=13 K) and above (T=35K) T, for the inner
and outer FSs. Vertical bars indicate the crossing energy between the spectra below and above T,. (e) (f) Energy
of the crossing point for the inner and outer FSs are plotted as a function of Fermi surface angle 6.
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electron

Al (meV)

Fig. 12 (Color online) SC gap A4 for all the FSs of BaFe, (As;_P,),.
Momentum dependence of the A for x=0.30 deduced from
the ARPES result. Color scale represents the magnitude of
the SC gap. Loop-like nodes or gap minima appear near the
rim of the inner electron FSs.
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Progress in the synchrotron radiation ARPES
studies of iron-based superconductors:
Element substitution effects and
superconducting gap nodes
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Abstract After 5 years has passed from the discovery of iron-based superconductors, the characteristic
electronic structure has been clarified and clues to understanding the mechanism of the supercon-
ductivity have been found. While the similarities with the cuprate high-T. superconductors have
been emphasized from the beginning of the research in iron-based superconductors, different
aspects from the cuprates have also been clarified. In this article, we will introduce recent angle-
resolved photoemission studies with synchrotron radiation which revealed the element substitu-
tion effects and the superconducting gap nodes in iron-based superconductors.
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