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The electronic structure of LaFeAsO, a parent compound of iron-arsenic superconductors, is studied by
angle-resolved photoemission spectroscopy. By examining its dependence on photon energy, polarization, and
sodium dosing, both the bulk and the surface contributions are identified. We find that a bulk band moves
toward high binding energies below the structural transition temperature, and shifts smoothly across the
spin-density-wave transition by about 25 meV. Our data suggest that the band reconstruction may play a crucial
role in the spin-density-wave and the structural transitions. For the surface states, both the LaO-terminated and
FeAs-terminated components are revealed. Certain small band shifts are observed for the FeAs-terminated
surface states in the spin-density-wave state, which might be a reflection of the bulk electronic-structure
reconstruction. Moreover, sharp quasiparticle peaks quickly rise at low temperatures, indicating drastic reduc-
tion in the scattering rate. A kink structure in one of the surface band is shown to be possibly related to the
enhanced electron-phonon interactions on the polar surface.
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I. INTRODUCTION

The discovery of superconductivity in LaFeAsO1−xFx has
declared the advent of iron-based high-temperature super-
conductors �Fe-HTSCs�.1–3 After intensive research, the
record superconductivity transition temperature �Tc� of Fe-
HTSCs is still held by the so called 1111 series.4,5 Resem-
bling the cuprates, superconductivity emerges from the anti-
ferromagnetic ordered ground state upon proper doping.2,3,6,7

The intimate relationship between superconductivity and
magnetism makes it critical to study the magnetic properties
in the parent compounds. On the other hand, the isotope
effects on superconductivity and spin density wave,8 and the
kinks in band dispersions,9,10 along with the ubiquitous co-
occurrence of the structural and magnetic transitions, allude
to the relevance of the lattice degree of freedom for the Fe-
HTSC physics. In the parent compounds of 1111 series, the
structural and spin-density-wave �SDW� transition tempera-
tures are separated,11 which provides an opportunity to reveal
the origin of the structural transition and its influence on the
electronic structure.

Angle-resolved photoemission spectroscopy �ARPES� has
been employed to study the electronic structure of various
Fe-HTSCs, revealing the electronic structure, superconduct-
ing gap, and the electron-boson coupling.12–20 However, due
to the covalent Ln-O bonding, LnFeAsO �Ln=La, Sm, Ce,
etc.� exposes a polar surface with charge redistribution after

cleavage.10,12,21,22 There are two types of surfaces, the
LnO-terminated and FeAs-terminated. A recent detailed band
calculation of LaFeAsO shows that the electronic structure of
the two types of surfaces deviates strongly from each other
and from that of the bulk.23 Since ARPES is essentially a
surface probe, the measured band structure is strongly com-
plicated by the surface states. Therefore, the bulk electronic
structure of LnFeAsO is still not definite. This prevents the
understanding of this very first and probably the highest Tc
series of iron pnictides, which in turn hampers the construc-
tion of a global picture of electronic structure in iron pnic-
tides.

In this paper, we report the ARPES measurements of the
electronic structure of LaFeAsO, a parent compound of the
1111 series of iron pnictides. By carefully conducting photon
energy, polarization, and Na-dosing dependence studies on
the complicated electronic structure, we could distinguish
states from the bulk and the surface. As a result, the nature of
the SDW state is exposed by the bulk band reconstruction at
low temperatures. Similar to BaFe2As2 and other members in
the so called 122 series,16–19 no energy gap related to nesting
is observed at the Fermi surfaces of LaFeAsO. Instead, a
band at high binding energies shifts down as much as 25
meV, starting from the structural transition temperature and
going through the SDW transition smoothly. This has been
observed recently in NaFeAs by the authors,24 where the
fluctuating magnetic order was shown to appear below the
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structural transition temperature. Our results on LaFeAsO
further suggest that the SDW picture established in the 122
and 111 series applies in the 1111 series as well. The recon-
struction of the band structure at low temperatures effec-
tively saves the total energy of the system and thus plays a
crucial role in driving the SDW transition. Furthermore, we
observed drastically rising coherent quasiparticle peaks,
which indicates that scattering is strongly suppressed at low
temperatures. A pronounced kink in dispersion is observed as
well, suggesting possible importance of the electron-phonon
interactions in the iron pnictides.9,10

II. EXPERIMENTAL

High-quality LaFeAsO single crystals were synthesized
by NaAs-flux method as described elsewhere.25 Resistivity
data confirmed the SDW transition at TN=138 K.11 ARPES
measurements were conducted at Beamline 9 of Hiroshima
synchrotron radiation center �HSRC� with circularly polar-
ized photons and a Scienta R4000 electron analyzer. The
polarization and photon-energy dependence measurements
were performed at Beamline 1 of HSRC and the APE Beam-
line in Elettra synchrotron light source. The energy reso-
lution is 9 meV at Beamline 9, and 20 meV at Beamline 1
and APE, respectively. The overall angular resolution is

about 0.3°. All samples were cleaved in situ and the ARPES
measurements were carried out under ultrahigh vacuum bet-
ter than 3.0�10−11 mbar at Beamline 9 and 5
�10−11 mbar at Beamline 1 of HSRC. Data were taken
within 6 h after cleavage to minimize the aging effect.

The energies of photons in the experiments range from 19
to 64 eV, which gives an electron escape depth of about
5–10 Å according to the universal mean-free-path curve for
electron inelastic scattering in solids.26 This corresponds to
the first two or three layers of LaO or FeAs plane in
LaFeAsO. An inner potential of 16 eV is chosen to determine
the kz of the high symmetry points of the Brillouin zone in
the photon-energy dependence studies.

III. DATA ANALYSIS AND DISCUSSION

A. Normal-state electronic structure

The electronic structure in the normal state �170 K� is
presented in Fig. 1. Photoemission intensities are integrated
over a �−5 meV,+5 meV� window around the Fermi energy
�EF� to acquire Fermi surface as shown in Figs. 1�a� and
1�b�. The observed Fermi surface consists of three hole pock-
ets, two electron pockets and a tiny patch like feature around
the � point as well as one electron pocket around M. This is
very different from the calculated bulk electronic structure
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FIG. 1. �Color online� Fermi-surface mapping
and band structure of LaFeAsO along �-M in the
normal state �170 K�. �a� ARPES intensity map in
the Brillouin zone �BZ� integrated over �5 meV
around the Fermi energy �EF�, overlaid by the
Fermi crossings. �b� The Fermi surfaces are con-
structed by tracking the Fermi crossings. �c� Pho-
toemission intensity plot along �-M �cut 1 in
panel a�. The dashed curves are the guides to eyes
obtained by tracking the local minimum locus of
second derivative of the raw data with respect to
energy as shown in panel d. �e� The calculated
bulk electronic structure of LaFeAsO along �-M
based on density functional theory. �f� The
MDC’s �upper panel� and photoemission inten-
sity plot divided by the resolution convoluted
Fermi-Dirac function �lower panel� along cut 2 as
marked in panel a. �g� The corresponding EDCs
along �-M. Data were taken using 24 eV circu-
larly polarized photons.
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and what is observed in other iron pnictides.27,28 The band
structure as indicated by the dashed curves in Fig. 1�c� is
resolved by tracking the local minimum locus in the second
derivative of the ARPES intensity plot with respect to energy
�Fig. 1�d�� and confirmed by the peaks in the corresponding
energy distribution curves �EDCs� as shown in Fig. 1�g�. The
top of the � band touches the EF and forms a Fermi patch
near �. The Fermi crossings of � and �s nearly coincide,
forming two nearly coincident hole pockets of the Fermi
surface. Two parabolic electron bands �s1 and �s2 contribute
two electron Fermi pockets around �. A weak but resolvable
feature � shows up with its top at about 50 meV below EF.
The flat �s band contributes one large hole pocket around �
which is much larger than the corresponding bulk Fermi sur-
face in the calculation. Around the M point, only one elec-
tron band could be clearly resolved instead of two in the
calculations, which could be due to the Matrix element ef-
fects. Another electronlike band could be resolved using lin-
early polarized photons as shown in Figs. 3�i�, 1, 3�i�, and 2.
Note that the petal-like feature around M in Fig. 1�a� stems
from the remnant spectral weight of the flat �s band, instead
of Fermi crossings.

The overall measured electronic structure of LaFeAsO de-
viates strongly from that of other pnictides and the calcula-
tions as shown in Fig. 1�e�.16,27–29 In total, we observed nine
bands and five Fermi surface sheets around � �actually, an-
other holelike band �s could be resolved around � at low
temperature as shown below�, much more than that in the

bulk band calculations. This complication can be qualita-
tively explained by the recent calculations of the surface and
bulk electronic structures of LaFeAsO.23 Due to the strong
La-O and Fe-As covalent bonding, the surface is either an
FeAs or a LaO plane. The polarity of the surface causes
significant lattice relaxation and charge redistribution to
minimize its static electric energy and thus changes the elec-
tronic structure dramatically.12,13 As a result, the FeAs-
terminated surface is electron deficient while the LaO-
terminated surface is electron excess. The two types of
surfaces could coexist on a single cleaved sample and the
FeAs plane underneath the LaO-terminated surface is differ-
ent from the FeAs-terminated surface, they conspire to con-
struct the complicated band structure in the experimental
data. Since ARPES probes only 5–10 Å with the photon
energies exploited here, the measured electronic structure are
mainly contributed by the states from the first two or three
layers of LaO or FeAs planes.

The surface band calculations �Ref. 23� clearly predicted
that the excess electrons in the surface LaO plane reside in
the La 5d+6s states and give a large electron pocket around
�. However, instead of one, we have observed two electron
bands ��s1 and �s2�, which could be resolved more clearly in
Fig. 1�f�. Since the observed two bands mimic the spin-
orbital splitting of the Au�111� surface states, the difference
between our data and the predicted ones might be caused by
the fact that spin-orbital coupling was not included in the
calculation while the spin-orbital coupling of 5d electrons is
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FIG. 2. �Color online� Fermi-surface mapping
and band structure along �-M of LaFeAsO in the
SDW state �10 K�. �a� ARPES intensity map in
the BZ integrated over �5 meV around the EF,
overlaid by the Fermi crossings. �b� The Fermi
surfaces are constructed by tracking the Fermi
crossings. �c� Photoemission intensity plot along
�-M �cut 1 in panel a�. The dashed curves are the
guides to eyes obtained by tracking the local
minimum locus of second derivative of the raw
data with respect to energy as shown in panel d.
�e� The photoemission intensity plot after each
MDC is normalized by its integrated weight. �f�
The corresponding EDCs along �-M. Data were
taken using 24 eV circularly polarized photons.

SURFACE AND BULK ELECTRONIC STRUCTURES OF… PHYSICAL REVIEW B 82, 104519 �2010�

104519-3



not negligible.30 For comparison, the momentum splitting of
�s1 and �s2 is about 0.03 Å−1 and the Rashba energy is
merely �1 meV. Correspondingly, the Rashba parameter
�R, i.e., the ratio of the Rashba energy to the momentum
splitting, is about 0.023 eV Å−1. This value is much smaller
than that of Au: �R=0.33 eV Å−1 �Ref. 31� but comparable
with that of the two-dimensional electronic system in the
InGaAs/InAlAs heterostructure.32 Furthermore, we note that
the occupied bandwidth of �s1 and �s2 is about 0.22 eV,
which is similar to the calculation �0.2 eV�, indicating weak
correlations in the LaO layer, in contrast to the FeAs bands.33

B. SDW state electronic structure

Figure 2 displays the corresponding electronic structure in
the SDW state. For the Fermi surface as shown in Figs. 2�a�
and 2�b�, the tiny patchlike feature at � evolves into a small
hole pocket. The Fermi crossings of the � and �s bands does
not coincide any more, forming two hole pockets around the
� point. The size of � pocket expands about 70% at low
temperature. There is little change in the other Fermi surface
sheets. The band structure along �-M is shown in the ARPES
intensity plot �dashed curves in Fig. 2�c�� and its second
derivative with respect to energy �Fig. 2�d��. An additional
holelike band ��s� with its band top at about −20 meV could
be resolved in the Fig. 2�e�. The reason that �s was not
resolved at high temperatures might be due to thermal broad-
ening. The splitting of the �s1 and �s2 bands is independent
of temperature, which is expected for spin orbital splitting.

The � and 	 bands move about 5 meV and roughly 30 meV
downward, respectively, saving the total energy of the sys-
tem. The �s band moves about 5 meV toward EF, sharpening
the petal-like feature around the M point without additional
Fermi crossing of the �s band. No clear variation in the elec-
tron band around M is found. Moreover, no energy gap re-
lated to Fermi surface nesting was observed, similar to the
case of the 122, 111, and 11 series.16–19,24,33

C. Polarization dependence

The multiband nature of the iron pnictides leads to com-
plex band structure and the additional surface states make it
even more complicated in LaFeAsO. Since the band struc-
ture shows strong polarization dependence, we conducted
polarization dependent ARPES measurements to further re-
solve the band structure. Figure 3�a� displays the definition
of two different experimental geometries according to the
linear polarization of the incoming photons. The incident
beam and the sample surface normal define a mirror plane.
For the 
 �or �� experimental geometry, the electric field of
the incident photons is out of �or in� the mirror plane. The
matrix element for the photoemission process could be de-
scribed as

Mf ,i
k � �� f

k��̂ · r�i
k��2.

Since the final state  f
k of photoelectrons could be approxi-

mated by a plane wave with its wave vector in the mirror
plane,  f

k is always even respect to the mirror plane in our
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experimental geometry. In the 
 �or �� geometry, �̂ ·r is odd
�or even� with respect to the mirror plane. Thus, only the odd
�or even� component of the initial state i

k could show up in
the photoemission data.33

The photoemission intensity plots along high symmetry
directions are shown in Figs. 3�b�, 3�c�, and 3�e�–3�h�. The
dashed lines are the guides to eyes while the solid curves are
the fitting of the momentum distribution curves �MDCs�
peaks. Around the � point, the � and �s ��s and �� bands
only shows up in � �
� geometry of experimental setup,
exhibiting their even �odd� nature with respect to the mirror
plane. The flat �s band is absent in 
 �or �� geometry along
�-X �or �-M�. It exhibits different parity in two high sym-
metry directions. The 	 band could be observed only in �
geometry along both directions. Its parity is analogous to that
of the dz2 band as predicted in density functional theory.33

Figure 3�d� and 1 shows that the �s band disperses from � to
M and connects smoothly with the holelike band there.
Around the M point, another electron band � is observed.
The � and �s bands only shows up in the � experimental
geometry, indicating their even parities. The contrast of the
ARPES intensity plots around M and A are adjusted to show
the � band more clearly in Figs. 3�i�, 1, 3�i�, and 2. Note that
we observed a fast dispersed holelike band � around the M
point, whose origin is still not clear yet �Fig. 3�g��. We have
reproduced the obtained band structure under different ex-
perimental geometries in Figs. 3�j� and 3�k� to summarize
the band structure along �-M.

An interesting result in Figs. 3�f� and 3�h� is the kinklike
dispersion of the �s band, which has been reported earlier in
CeFeAsO as well.10 The dispersion of the �s band is tracked
by fitting its MDCs �the green solid curves�. A kink does
appear at about 30 meV, which might indicate electron-
phonon interactions for this particular band. However, band
crossings could cause similar structure. Indeed, there might

be a band crossing in this momentum region as highlighted
by the red dashed circle in Fig. 1�e�. A kink could be possi-
bly introduced by the hybridization of the �s and �s bands. In
that case, the �s band should connect either to the � or the �s
band to hybridize with the �s band. However, the � band
could be clearly resolved to disperse quickly downward from
the MDC’s in Fig. 3�d� and 2, it could not connect to the �s
band. On the other hand, �s and �s have the opposite parities
as shown in Figs. 3�j� and 3�k�. Based on local density ap-
proximation calculations and our previous studies of the or-
bital nature of bands in BaFe2−xCoxAs2,34 a band should not
change its parity in such a small momentum range. There-
fore, �s and �s bands could not be from the same band,
either. In conclusion, the polarization data confirms that the
kink is not caused by a band crossing but most likely intrin-
sic electron-phonon interactions.

D. Identification of surface and bulk electronic structure:
kz dependence and Na dosing effects

It is crucial to identify the bulk and surface bands to re-
veal the intrinsic response of the electronic structure to the
phase transitions. Photon-energy dependence measurements
were carried out for this purpose since different photon en-
ergies correspond to different kz’s and only bulk bands could
exhibit kz dispersion. Under the � geometry of experimental
setup, as shown in Figs. 4�a� and 4�b�, only the 	 band has
noticeable kz dependence as its energy position at k	 =0
changes with the variation in photon energy. Thus, it should
be one of the bulk bands. No clear kz dependence is observed
for the bands crossing EF according to the photon energy
dependence of the MDC’s at EF as shown in Fig. 4�b�. For
the bands observed under 
 experimental geometry, only
weak kz dependence could be verified for the � band from
the MDC’s at EF as shown in the Fig. 4�f�. No other bands
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show noticeable kz dependence as shown by the EDCs at k	

=0, k	 =1.1 Å−1, and k	 =0.2 Å−1 �Figs. 4�c�–4�e��. Consid-
ering the short electron escape depth, the bulk bands ob-
served here are most likely originated from the FeAs plane
below the LaO plane, for which the calculation indicates its
carrier concentration is close to that of the bulk.23 The kz
dispersion suggests that the band structure quickly becomes
bulklike in the layer just underneath the surface.

For the bands that do not show much kz dispersion, they
could be from either surface or bulk in such a quasi-two-
dimensional system. We further explore their reactions to the
surface disorder effects through Na dosing, as the bulk bands
are expected to be more robust than the surface ones. The
sample was exposed to a Na evaporator at 150 °C for 10 s,
which would put about 1 monolayer of Na atoms on the
surface. Our data indicate that the chemical potential of the
system is not changed too much after Na dosing. Thus, we
would expect that additional scattering channels are intro-
duced on the surface by the Na dosing, which would dra-
matically change the surface bands. The data taken in � ge-
ometry before and after the dosing are shown in Fig. 5.
Indeed, many bands disappear, but the bulk 	 band is barely
changed by Na dosing. Since the 	 band is mostly made of
dz2 orbital and still survives the sodium dosing, we assume
that the other bulk bands made of those more “in-plane”
orbital would survive as well. Consistently, the surface LaO
band ��s1 or �s2� disappear after Na dosing as shown in Figs.
5�a� and 5�c�. The �s and �s bands disappear as well while
the � band survives the dosing. Since the � band reacts to
the Na dosing so differently from the surface bands, we at-
tribute the � band to the bulk, while the �s and �s bands to
the surface FeAs plane.

For the A point, only the � band survives the dosing,
while the �s band disappears after Na dosing as shown in
Figs. 5�c� and 5�f�, indicating their bulk and surface charac-
ters, respectively. In calculation, there should be four elec-
tron bands around M, two surface bands and two bulk bands.
However, because of the electron deficiency on surface, one
of the surface electron bands is not occupied. One of the bulk
electronlike bands is missing in our data, probably due to its
weak intensity or matrix element effects.

Due to the surface charge redistribution, calculation
shows that the doping concentrations and band structures of
the several layers close to surface are different from each
other and that in bulk. The surface carrier concentration
could be estimated by the Luttinger volume of the relevant
Fermi surfaces. We identify three surface bands crossing
Fermi level around �, which is consistent with the surface
band calculation.23 The carrier occupation of the surface �s,
�s, �s, and �s bands is about 4.39e− per �Fe2As2� formula
unit, smaller than the calculated 4.89e− �based on the calcu-
lated Fermi surface in Ref. 23� and the expected 6e− for the
bulk bands.13 On the other hand, the counting for the states
of LaO layer gives rise to 0.53 excess electrons per �La2O2�
formula unit, larger than the calculated number of 0.25e−

�based on the calculated Fermi surface in Ref. 23�. The cer-
tain difference may be related to the fact that some bands
�thus some Fermi pockets� might be missing in the experi-
ments.

E. Shifts in bulk band structure correlated with the SDW
transition

The identified bulk bands allow us to investigate the in-
trinsic bulk response of the electronic structure to the phase
transitions. The band structure in the normal state and SDW
state are reproduced and overlaid in Fig. 6�a�. The 	 band
clearly shifts roughly 30 meV to high energies, which re-
duces the total energy of the system effectively and energeti-
cally favors the SDW transition. The temperature depen-
dence of EDCs at k	 =0.43 Å−1 is tracked to examine the
evolution of the 	 band. As shown in Fig. 6�b�, both the
peak position and the leading edge corresponding to the 	
band shift about 30 meV toward the high energies from 180
to 15 K. The shift starts around the structural transition tem-
perature and goes through the SDW transition smoothly as
shown in the inset of Fig. 6�b� and by the green triangles in
Fig. 6�d�. Since the dispersion of 	 is concealed by other
bands here, data taken with 19 eV photons are presented in
Fig. 6�c�, where the 	 band is more enhanced due to certain
matrix element effects. More accurately, the band shift as
much as 25�4 meV is quantified by both the peak positions

-0.3

-0.2

-0.1

0.0

-0.3

-0.2

-0.1

0.0E
-E

F
(e
V
)

-0.8 -0.4 0.0 0.4 0.8

Γ Z

k// (Å
-1)

Before

Max MinA(k, ω)

-0.4 0.0 0.4

After

(a) (b)

(d) (e)

Γ

Γ

z

z

ζs

ϖ

ϖ ϖ

βsβ ζs

ϖ

βsβ

β β

λs1 /λs2 λs1 /λs2
1.20.8

1.20.8

A

A

(c)

(f)

δs δ

δ

Before

After

FIG. 5. �Color online� Photoemission inten-
sity plots along �a� the �-M direction, �b� the Z-A
direction, and �c� the A-Z direction. ��d�–�f�� Af-
ter the sample was exposed to Na dosing, data
were taken at the same condition as panels a–c.
The dashed curves are the guides to eyes while
the solid curves are the fitting of MDC’s peaks.
Data were taken at 10 K under � experimental
geometry as in Fig. 3�a�. The corresponding pho-
ton energies for the �, Z, and A points are 59 eV,
48 eV, and 33 eV, respectively.

YANG et al. PHYSICAL REVIEW B 82, 104519 �2010�

104519-6



�red circles� and leading edge locations �blue squares� as
shown in Fig. 6�d�. The difference between the band shift
obtained with 24 eV photons and 19 eV photons might be
due to different kz’s. Data obtained in different ways all show
that the band shift indeed starts from the structural transition
and proceeds smoothly across the SDW transition to high
energies.

This fact suggests that such band shift is related to the
structural transition. However, the 0.52% distortion of the
lattice could only account for about 4 meV band shift, which
is far too less than the observation. On the other hand, the
band shift could be related to the magnetic ordering consid-
ering its same energy scale as the magnetic exchange
interactions.16,17,19,24 Therefore, the smoothly evolution of
the band shift across the SDW transition could be interpreted
that there is already SDW fluctuation or short-range mag-
netic order at the structural transition temperature. Particu-
larly, such a shift of band at the structural transition tempera-
ture has been observed in NaFeAs before.24 Furthermore, it
has been proved that a short-range magnetic order emerges
around the structural transition temperature since the band
folding due to such an order is observed starting from the
structural transition temperature.24 Therefore, the band shift
in NaFeAs and LaFeAsO can be directly associated with the
SDW fluctuations. Coincidentally, it has been proposed that
the magnetic fluctuations could drive the structural
transition.35 Our result provides direct support for such a
scenario in the 1111 series of iron pnictides. The observed
shift of bands at high binding energies is consistent with the
reconstruction of the electronic structure evolving into the
SDW state in the parent compounds of 122 series.16–19

Therefore, our observation of the band shift in LaFeAsO
supports the electronic structure reconstruction as the mecha-
nism for SDW transition. It might allude to the existence of
an electronic nematic phase in the 1111 series between struc-
tural and SDW transitions as proposed in Ref. 35.

F. Drastic temperature dependence of quasiparticles

To further investigate the influences of the structural and
SDW transitions on electronic structure, the sharp quasipar-
ticle peaks at low temperatures as shown in Fig. 2�f� are
examined as a function of temperature in Fig. 7. At the �
point �Fig. 7�a��, prominent coherent quasiparticle peaks
emerge as temperature decreases, suggesting a rapid decrease
in the scattering rate. The same behavior could be found at a
large portion of Brillouin zone, such as the M point and the
location of k	 =0.75 Å−1 �Figs. 7�b� and 7�c��. The drastic
rising of the quasiparticle peaks is well beyond the thermal
sharpening effect at low temperatures. In order to reveal the
relation between this anomalous evolution of the quasiparti-
cle peaks and the phase transition, we divide the Fermi-Dirac
functions of the temperature dependent EDCs in Fig. 7�c�
and fit the quasiparticle peak with a Lorentz function and a
linear background as shown in the inset of Fig. 7�c�. The
quasiparticle peak width which reflects the scattering rate
decreases drastically at low temperatures as indicated by the
red circles in Fig. 7�d�. Consistently, the quasiparticle weight
near EF increases at low temperatures as shown in Fig. 7�d�
�blue squares� Such decrease of scattering rate is compatible
with that in CeFeAsO,10 except that surface and bulk bands
were not distinguished there.

k//=0.43 Å
-1

(c)

-0.14 -0.12 -0.10

180 K

15 K

In
te
ns
tiy
(a
rb
.u
ni
ts
)

180K
170K
160K
155K
150K
145K
140K
135K
130K
125K
120K
110K
100K
80K
60K
40K
15K

(b)

-0.2

-0.1

0.0

Γ Μ

(a)

E
-E

F
(e
V
)

1.20.80.40.0-0.4
k// (Å

-1)

-170

-160

-150

-140

E
ne
rg
y
Lo
ca
tio
n
(m
eV
)

-130

-120

-110

-100

Peak location

Leading edge

Leading edge

1601208040

T (K)

TN TL(d)

E-EF (eV)
-0.3 -0.2 -0.1 0.0

-0.12 -0.10

180 K

15 K

α

ϖ

In
te
ns
tiy
(a
rb
.u
ni
ts
)

180 K

15 K

δ

ϖ

α ζs

γ
βs

γs
β

αs

λs2

λs1

αs

24 eV

19 eV

Γ

FIG. 6. �Color online� The band shift in
LaFeAsO. �a� The comparison of the band struc-
ture at 170 K �red dashed curves� and 10 K �blue
dashed curves� reproduced from Figs. 1 and 2.
��b� and �c�� The temperature dependence of
EDCs at �b� k	 =0.43 Å−1 obtained using 24 eV
photons and �c� the � point obtained using 19 eV
photons. The insets of panels b and c zoom in the
rectangle region to show the leading edge shift
more clearly. �d� The green triangles are the lead-
ing edge locations of the EDCs corresponding to
the 	 band in panel b. The blue squares and the
red circles are the leading edge and peak loca-
tions of the EDCs corresponding to the 	 band in
panel c.

SURFACE AND BULK ELECTRONIC STRUCTURES OF… PHYSICAL REVIEW B 82, 104519 �2010�

104519-7



No noticeable anomaly for the evolution of the peak
width at phase transitions is observed although it is proposed
that the dramatic decrease of the scattering rate is a signature
of SDW transition.10 However, Since the surface is still a
quasi-two-dimensional system, it can be coupled to the bulk,
for example, through certain scattering processes. Thus, the
drastic temperature dependence of the surface bands might
be related to the SDW transition in the bulk. The intrinsic
relationship of this peculiar behavior and the phase transi-
tions needs further studies. However, one of the possible
explanation is that the magnetic fluctuations happen even
above the structural transition and are suppressed by the for-
mation of a spin gap as temperature is decreased, thus some
of the scattering channels are eliminated. Indeed, such sup-
pression of fluctuations at the low temperatures has been
verified in �Sr,Ba�Fe2As2 by neutron scattering.36,37 On the
other hand, NMR measurements have verified the change in
the fluctuation around structural transition and its suppres-
sion at low temperatures although there is a drastic enhance-
ment of the fluctuations around SDW transition.38,39

IV. SUMMARY

To summarize, we have obtained a comprehensive picture
of the electronic structure in LaFeAsO by distinguishing
bulk �Fig. 8�a� curves� and surface bands �Fig. 8�b��. The
origin of the bands is summarized in Fig. 8�c� as well. We
note that some certain bands may be missing in the measure-

ments because of the matrix element effects. Due to the
charge redistribution effect in the 1111 series, the measured
electronic structure of LaFeAsO is heavily contaminated by
the surface states. Therefore, great caution has to be taken on
ARPES data obtained on this 1111 series of iron pnictides.
For example, the measured superconducting gap on a surface
band might be caused by the proximity effects, and the
strong kink is actually on a surface band, it does not neces-
sarily suggest strong electron-phonon interactions in the bulk
bands.

Our data show that the large downward shift of the bulk
band saves the total energy of the system and drives the
phase transitions. The onset of this shift at the structural
transition temperature further evidence the occurrence of a
fluctuating magnetic ordered phase that might play a role in
the structural transition. The results in the 1111 series are
consistent with the observations in the 122 and 111 series of
iron pnictides, suggesting the universality of the electronic
response to the structural and magnetic phase transitions.
Our results would help to construct a global picture of the
Fe-HTSC physics.
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