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BaAg2As2, a sibling compound of BaFe2As2 with a non-magnetic phase transition around 150 K, is studied by
the comprehensive measurements of angle-resolved photoemission spectroscopy, synchrotron x-ray diffraction
and resonant soft x-ray scattering. The Fermi surfaces and electronic structure of BaAg2As2 are revealed, with
strong kz dispersion, consistent with the strongly contracted c/a ratio in BaAg2As2. Across the phase transition,
splitting of [101] Bragg peak is observed, showing a structural distortion with the in-plane distortion magnitude
δ = |a − b|/(a + b) = 0.0052. Although the nesting condition is satisfied in some parallel Fermi surface sectors,
there is no signature of charge density wave order at the nesting wave vector. Moreover, neither a charge density
wave gap opening nor band reconstruction are observed across the phase transition. Instead, an enhancement on
the spectral weight of dispersive bands is observed across the structural phase transition, which can explain the
sharp drop of resistivity below the phase transition temperature. These studies could enrich the understanding
of the variable and common features of the structural transition in transition metal pnictide layered materials.

INTRODUCTION

Two-dimensional layers made of transition metal cations
(TM) and pnictide anions (Pn) provide a rich playground for
novel physical phenomena and various phase transitions, such
as the structural phase transition [1], magnetism [2, 3], the
charge density wave (CDW) order [4, 5] and superconductiv-
ity [4–6], etc. In doped BaFe2As2, a prototypical Fe-pnictide
superconductor, the high temperature superconducting phase
happens in the vicinity of a collinear antiferromagnetic order
and a tetragonal-orthorhombic structural distortion. The low-
energy electronic structure reconstructs at the structural tran-
sition temperature, with different orbitals splitting at an en-
ergy scale much larger than the hopping integral varied by
the structural distortion [7, 8], demonstrating an electroni-
cally driven nematic transition relating with orbital/spin or-
der, which has ignited intensive researches [9]. On the other
hand, the structural distortion also happens in other TM-Pn
layered materials sibling to BaFe2As2. However, the under-
lying driving force has been shown to be different, such as
a pure lattice-driven distortion in BaNi2As2 [6], and CDW-
order-driven distortions in BaPt2As2 and SrPt2As2 [4, 5].

Recently, materials containing AgAs layers including
BaAg2As2 [10], SrAg4As2 and EuAg4As2 [11, 12] have
been synthesized, with a common resistivity anomaly above
100 K [10, 11]. Considering the absence of magnetism-active
species, the nature of the phase transition was speculated to
be a nonmagnetic phase transition, particularly a structural

distortion [12]. Theoretical calculations have pointed out the
possibility of an electronic instability. However, so far the
nature of this phase transition has not been identified experi-
mentally. The details of the distorted structure in BaAg2As2

were not resolved by previous x-ray diffraction (XRD) studies
[10]. Moreover, it remains unknown whether the transition is
related to any electronic instability, such as the orbital order,
or the CDW formation under Fermi surface nesting. Resolv-
ing the crystal and electronic structure of BaAg2As2 and their
variations across the phase transition would be a vital step
towards understanding the novel properties in AgAs layered
compounds. Moreover, it would facilitate the understanding
of the variable and common features of the structural transi-
tion in TM-Pn layered materials.

Here we report a systematic study of the electronic struc-
ture and the phase transition in BaAg2As2 using synchrotron
XRD, angle-resolved photoemission spectroscopy (ARPES)
and resonant soft x-ray scattering (RSXS). At the transi-
tion temperature, a structural distortion is observed, and the
in-plane distortion magnitude is estimated to be δ = |a −
b|/(a + b) = 0.0052, similar to what has been observed in
BaFe2As2[1]. Three dimensional(3D) electronic structure is
revealed, with stronger dispersion along the kz direction than
that in BaFe2As2. The three dimensional nature of the elec-
tronic structure is consistent with the homoatomic As-As
bonding along the c direction [10].However, with the struc-
tural transition, there is no band splitting or Fermi surface re-
construction in BaAg2As2, which is in contrast to Fe-based
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FIG. 1: (a) Illustration of crystallographic structure of BaAg2As2

at room temperature. (b) Sketch of Brillouin Zones (BZs) of
BaAg2As2. The red and blue shadows illustrate the momentum space
sampled in Fig. 3(a) and Fig. 3(b), respectively. (c) Temperature de-
pendence of the electrical resistivity of BaAg2As2 on a copper holder
from 100 K to 300 K. (d) Temperature-dependent magnetic suscep-
tibility of BaAg2As2 measured with B ‖ ab at B = 1 T.

superconductors. Although the Fermi surfaces show possi-
ble nesting conditions, there is no gap opening at the Fermi
energy close to these momenta, and RSXS measurements
find no CDW orders at the possible nesting wave vectors.
Temperature-dependent ARPES studies resolve an enhance-
ment of the spectral weight in the dispersive features across
the structural phase transition, which can be related to the
sharp drop of electrical resistivity.

EXPERIMENTAL AND SAMPLE CHARACTERIZATION

Single crystals of BaAg2As2 were grown with the flux
method, using AgAs as the flux. At room tempera-
ture, BaAg2As2 possesses a body-centered ThCr2Si2-type
structure [Fig. 1(a)], and its three dimensional Brillouin
zone (BZ) in reciprocal lattice is shown in Fig. 1(b).
The composition of our samples is determined to be
Ba1.01±0.05Ag1.92±0.06As2.00±0.04 using an electron probe micro-
analyzer (EPMA). The Ag is slightly deficient in our samples,
while this off-stoichiometry is much less than that in a pre-
vious report (∼24% Ag deficiency through energy dispersive
x-ray analysis) [10].

The temperature-dependent electrical resistivity of
BaAg2As2 was measured by a Quantum Design Physical
Property Measurement System (PPMS). As the temperature
decreases, the resistivity first shows a metallic behaviour and
then increases from 200 K to 151 K [Fig. 1(c)]. After that, the
resistivity decreases more sharply. The transition temperature
(151 K) is lower than that in a previous report (175 K) [10],
which may be related to the reduced deficiency of Ag in our
samples. We have also conducted resistivity measurements on
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FIG. 2: (a)-(d) Reciprocal space intensity map of BaAg2As2 taken
around the [HKL] = [101] Bragg Peak at different temperatures from
190 K to 60 K with photon energies 1480 eV. The dashed lines rep-
resent domain rings. (e) Intensity distribution curve along L=1 cor-
responding to (a)-(d). (f) Sketch of two different domains after a
tetragonal-to-orthorhombic phase transition. (g) Evolution of lattice
constants as a function of temperature across the phase transition.
Above 150 K, the lattice constant a is equal to b. The error bars are
determined by the size of the diffraction spots.

10 more different sample, and all the samples show the phase
transition with the transition temperatures of 146±6 K (see
Supplementary Fig. S1 [13]). For rigidity of the combined
studies, the electrical resistivity measurement [Fig. 1(c)] and
temperature dependent ARPES measurements [Fig. 7] were
performed on the same samples.

The temperature-dependent magnetic susceptibility of
BaAg2As2 was measured using a Quantum Design Super-
conducting Quantum Interference Device (SQUID), and was
found to be negative in the entire temperature range, indicat-
ing a diamagnetic behaviour [Fig. 1(d)]. An upturn of mag-
netic susceptibility is observed at low temperature, which is
similar to that of SrAg4As2 [11] and SrCu2As2 [14], possi-
bly coming from the trace amount of paramagnetic impurity
in the samples [14]. The diamagnetic nature and the absence
of strong magnetic response at Ts suggest that the phase tran-
sition in BaAg2As2 is not related to magnetism.

ARPES data were collected at Beamline I05 of Diamond
Light Source (with the overall energy resolution of 5∼12 meV,
the endstation pressure ≤ 1.5×10−10 mbar), Beamline 4.0.3
of Advanced Light Source (ALS) (the overall energy reso-
lution of 12 meV, the endstation pressure ≤ 5×10−11 mbar),
and Beamline 09U of Shanghai Synchrotron Radiation Facil-
ity (SSRF) (the overall energy resolution of 20 meV, the end-
station pressure ≤ 6.3×10−11 mbar). We found that the sam-
ple is easy to be cleaved perpendicular to c axis to get a flat
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FIG. 3: (a) In-plane photoemission intensity map through the BZ
center Γ (near the blue cross-section in Fig. 1(c)) from integrating
the spectra over [EF - 20 meV, EF +2 0 meV]. The photon energy
used is 105 eV. (b) Fermi crossings (blue circles) determined by pho-
toemission data in (a). (c) Energy distribution curves (EDCs) along
momentum cut #1 in (b). (d) Momentum distribution curves (MDCs)
along momentum cut #1 in (b). (e) MDCs along momentum cut #2
in (b). All data were taken with p polarization.
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FIG. 4: (a) Photon energy dependent photoemission intensity map
in Γ-Σ-Σ1-Z plane (the red cross-section in Fig 1(b)). The Fermi
surfaces are indicated by dashed lines. (b) Photoemission intensity
map taken using 105 eV photons, and the corresponding location of
the momentum space is illustrated by the blue cross-section in the
three dimensional BZ in Fig 1(b). The maps are integrated over [EF

- 20 meV, EF + 20 meV]. (c) MDCs at EF along the ky direction
shown in panel (a) measured at different photon energies. The inner
potential is set to be 26 eV.

surface for ARPES measurement. Considering that the crystal
structure and its hardness are similar to Fe-based 122 systems,
the cleavage should happen at adjacent alkaline-earth planes,
and each side of the cleaved plane has the same amount of
alkaline-earth atoms similar to other 122 based materials with-
out charge redistribution [15].

Synchrotron XRD and RSXS measurements were per-
formed at the REIXS 10ID-2 beamline of the Canadian Light
Source (CLS) with elliptically polarized undulator (EPU) cov-
ering an energy range of 80∼2000 eV. The energy resolution is
△E/E = 10−4 at 1000 eV. The spot size is ∼250 µm × 150 µm.
The data were collected by a microchannel plate (MCP) with a
resistive anode encoder detector. The MCP diameter is 25 mm
and the MCP image is collected in 128× 128 pixels. The pres-
sure of the endstation was kept under 6.7 × 10−10 mbar during
scattering measurements.

TEMPERATURE DEPENDENT XRD STUDIES

To study the possible structural transition, temperature-
dependent XRD scans on [HKL] = [101] reflections were
performed using 1480 eV photons. Note that the photon en-
ergy we used here was much lower than 17459 eV in pre-
vious XRD measurements on BaAg2As2 [10], which could
significantly enhance the momentum resolution. The [101]
diffraction shows a single peak above the transition tempera-
ture [Fig. 2(a)]. As the temperature decreases, the [101] peak
splits along H at 150 K [Fig. 2(b)- 2(d)], consistent with the
transition temperature observed in resistivity measurements.
The split [101] peaks broaden along circular curves centered
at [000], indicating rotating domains that may be caused by
stress-induced sample cracking. The third peak with lower L

at 150 K [Fig. 2(b)] does not fit the ring of rotating domains,
and is absent at other temperatures. Its origin is unknown and
could be related to some intermediate phases during the phase
transition. The splitting of the [101] peak along H can be
understood as an a , b in-plane structural distortion as illus-
trated in Fig. 2(f). When the structural distortion happens,
two kinds of domains with perpendicular in-plane orientations
both contribute to the diffraction intensity, thus leading to the
two peaks corresponding to H along a and b, respectively.

Based on the intensity distribution curves along L=1 as
shown in Fig. 2(e), quantitative analysis of the lattice con-
stants a and b is performed, and summarized in Fig. 2(g). Peak
splitting happens at Ts ≈ 150 K. At 60 K, a is decreased by
0.345% while b is increased by 0.701%. We can thus calcu-
late the lattice distortion δ = |a − b|/(a + b) ≈ 0.0052. This
value is comparable to that of BaFe2As2 (δ ≈ 10−3) [2].

ELECTRONIC STRUCTURE

Structural transitions in ThCr2Si2 systems are usually ac-
companied by transitions in density wave orders such as spin
density wave (SDW) [1] and CDW [4, 5]. An electron-
instability-induced structural distortion has been speculated
in BaAg2As2 by previous theoretical calculations [10] while
lacking experimental evidence. To check and understand
the possible electron-instability-induced phase transition, we
studied the electronic structure of BaAg2As2 by ARPES. Fig-
ure 3 shows the measured in-plane band structure and Fermi
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surfaces of BaAg2As2. By tracking the spectral maxima at the
Fermi energy [Fig. 3(a)], we found two elongated elliptical
Fermi surfaces perpendicular to each other at the BZ center,
denoted as α and β in Fig. 3(b). Along the high symmetric
cut Γ-Σ (cut #1), both the energy distribution curves (EDCs)
and momentum distribution curves (MDCs) show two hole-
like bands (noted as α and β, correspondingly) crossing the
Fermi level [Fig. 3(c)- 3(d)]. Along cut Γ-X (cut #2) through
the crossing points of the two Fermi pockets, the bands α and
β show no hybridization-induced splitting under the current
experimental resolution [Fig. 3(e)].

To investigate the band dispersion along the kz direction,
ARPES studies with photon energies ranging from 74 to
160 eV were performed, covering about two BZs [Fig. 4(a)].
Variation of Fermi crossings at different photon energies can
be clearly resolved. By assuming the inner potential to be
26 eV, the Fermi surfaces α and βmatch the period of the bulk
3D BZ well [Fig. 4(a)]. The periodicity of the 3D Fermi sur-
faces confirmed that the cleavage plane is perpendicular to the
c axis of the crystals [Fig. 1(a)]. As shown in Fig. 4(b), there
is no observable Fermi surface in the Z-Y1-Σ1 plane, contrast
to that in the Γ-X-Σ plane [Fig. 4(b)], indicating strong kz de-
pendence of its electronic structure. Furthermore, MDCs at
EF show negligible features around the Z point, further indi-

cating that all bands are below EF at the Z-Y1-Σ1 plane. The
band dispersion is more three dimensional than the isostruc-
tural BaFe2As2 [7], which is consistent with the significantly
contracted c/a ratio and the strong homoatomic As-As bond-
ing along the c direction in BaAg2As2 [10].

To avoid missing some bands in ARPES experiments due
to matrix element effects, ARPES measurements were con-
ducted with both p and s polarized photons. Along the Γ-Σ
direction [Fig. 5(i)], two hole like bands can be observed us-
ing p polarized light [Fig. 5(a)], while only one hole like band
can be observed using s polarized light [Fig. 5(e)]. By track-
ing the dispersion through fitting the corresponding MDCs,
one can find that the dispersion of the inner hole bands mea-
sured using p polarized light coincides with the hole band
measured using s polarized light, suggesting that both of them
come from the β band. The dispersion of α band can be fit-
ted well with parabolic curves in Fig. 5(j), with an effective
mass of ∼2me. Band β shows linear behavior deviating from
parabolic dispersion, indicating a rather small effective mass
[Fig. 5(j)]. Along the Z-Σ1 direction, the top portions of the α
and β bands are located around 1 eV below EF in both polari-
sations [Figs. 5(c)- 5(h)]. There is weak spectral weight cross-
ing the Fermi energy [Figs. 5(c) and 5(g)]. As shown in the
second derivative spectra, these weak features near the Fermi
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(b) Sketch of the nesting wave vector Q determined in (a). (c) EDCs
along the arrow marked in (b) showing no gap opening at low tem-
perature. The EDCs at Fermi crossings are shown as thicker curves.
(d) Ag M1, (f) Ba M4 and (h) As L2 edge x-ray absorption spec-
troscopy curves. (e) [H 0 0.5] scans at a photon energy of 705 eV
(green) as the same color noted in (d). (g) [H 0 0.5] scans at photon
energies of 779 eV (orange) and 786 eV (magenta) as the same color
noted in (f). (i) [H 0 1] scans at photon energies of 1290 eV (blue)
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energy have dispersion identical to those in the Γ-X-Σ plane,
which can be explained by kz broadening due to poor kz reso-
lution in the ultraviolet photon energy range, while no Fermi
surfaces are observed around the Z point. This confirms that
the three-dimensional Fermi surfaces of BaAg2As2 consist of
only hole pockets. Based on the measured Fermi surface vol-
ume and the Luttinger theorem [16], the carrier concentration
in BaAg2As2 is estimated to be 0.17 ± 0.01 holes per unit

cell. The ARPES results were reproduced on 5 samples mea-
sured at different beamlines (see Supplementary Fig. S2 and
Table S1 for the measured Fermi surfaces and correspond-
ing carrier concentration deduced based on Luttinger volume
[13]). There is ±0.01 hole/u.c. difference in the doping level
for different samples, which is the common uncertainty of the
hole doping determined by ARPES. Therefore, even if differ-
ent Ag vacancies have finite influence on the pocket size, it
cannot account for all the hole concentration, indicating that
the hole type carrier is intrinsic in BaAg2As2.

We investigated the valence band composition with 37.7
∼ 44 eV photons across the As 3d → 4p absorption edges
[Fig. 5(k)]. The total spectral weight is integrated and nor-
malized by the incident photon flux, showing a resonance en-
hancement at 38.9 eV [Fig. 5(l)]. Photoemission with 37.7 ∼
44 eV photons would give the band structure near the Z-Y1-Σ1

plane, thus the top parts of bands α and β are located around
-1 eV. Comparing the on-resonant and off-resonant EDCs, the
spectral weight corresponding to bands α and β is enhanced
in the As 3d → 4p on-resonant data [Fig. 5(m)], suggesting
significant As 4p orbital composition of these bands. This is
consistent with previous XPS studies [10] which suggest va-
lence formulations of Ba2+(Ag+)2(As2−)2, and the 4p orbitals
of As contributing to the major density of states (DOS) near
Fermi energy.

TEMPERATURE DEPENDENT ARPES AND RXSX

STUDIES

Magnetic susceptibility measurements suggest the absence
of a magnetic transition [Fig. 1(d)], excluding the existence of
spin related transitions. Nevertheless, the observed highly par-
allel Fermi surface sections suggest CDW as a possible candi-
date. The nesting condition of Fermi surfaces could cause an
electronic instability such as the Peierls instability [17], which
has been observed in typical CDW materials [18, 19]. From
the measured Fermi surfaces of BaAg2As2, we determine the
possible nesting vectors by their momentum-dependent auto-
correlation [20–22]. The joint density of states,

C(~q, ω) ≡
∫

A(~k, ω)A(~k+~q, ω)d~k

is calculated in Fig. 6(a), where A(~k, ω) is the spectral func-
tion. After subtracting an exponential background, a peak is
observed at q‖ = 0.23 ± 0.03 as displayed in Fig. 6(a) , cor-
responding to the parallel Fermi surfaces sheet [Fig. 6(b)].
Therefore the CDW nesting vector could be ~Q = (0.23 ±
0.03, k, l) with arbitrary sliding along K or L. In the con-
ventional scenario of a CDW transition, a CDW gap will open
at the parallel Fermi surface sheets below the transition tem-
perature [23, 24]. In contrast, by comparing the EDCs above
and below the transition temperature along the cut marked in
Fig. 6(b), there is no shift of leading edge at the Fermi cross-
ings, suggesting the absence of a CDW gap [Fig. 6(c)]. Fur-
thermore, not even a partial gap opening at non-dispersive
spectral weights was observed, in contrast to the CDW gap
opening observed in the Fermi patches in transition metal
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FIG. 7: (a)-(e) Photoemission spectra along Γ − Σ taken at 204 K∼114 K. The right inset illustrates the position of cut #5.(f) Band dispersion
extracted from MDCs at 130 K and 170 K. (g) Spectral weight difference between 175 K and 130 K. (h) EDCs taken at kF of cut #5 at different
temperatures. (i) Comparison of EDCs at 175 K and 130 K along the range of cut #5 marked by the red arrow in (a).

dichalcogenide materials [25]. Since the Fermi surfaces are
contributed by the bulk bands with 3D dispersive characters
[Fig. 4], the absence of gap opening excludes the existence of
CDW in the bulk.

RSXS measurements were performed around the nesting
wave vectors to further check the possible CDW order. Bene-
fiting from its photon-in and photon-out process, RSXS has a
deep penetration depth larger than tens of nanometers and has
been used widely to detect the CDW order in the bulk [26]. By
x-ray absorption spectroscopy measurements [Fig. 6(d), 6(f)
and 6(h)], we select representative energies around Ag M1
edge (705 eV), Ba M4 edge (786 eV, 779 eV) and As L2 edge
(1345 eV, 1290 eV), respectively. The scattering data col-
lected at the resonant energies for all of the elements by MCP
are near background level [Fig. 6(e), 6(g) and 6(i)], showing
no CDW peak around H = 0.23 ± 0.03. Although a hump
feature is observed at ~Q = (0.25, 0, 0.505) in both Figs. 6(e)
and 6(g), we confirm that these peaks do not originate from
CDW diffraction spots but from broad background features
(Supplementary Fig. S3(a)-(d) [13]). Furthermore, this fea-
ture exists at both 240 K and 60 K (Supplementary Fig. S3(e)
[13]), indicating that it is not relevant to the phase transition.
Diffraction features were also investigated at fixed H by vary-
ing L, but CDW diffraction spots were not observed here ei-
ther (Supplementary Fig. S4 [13]).

Although the conventional CDW transition is excluded in
BaAg2As2, evolution in the electronic structure may provide
vital information about the nature of this phase transition.
In the photoemission spectra along Γ-Σ [Fig. 7(a)- 7(e)], no
band structure reconstruction or splitting is observed, which
is different from the drastic band reconstruction induced by
the nematic order in Fe-based superconductors. Dispersion
measured at 130 K exactly follows that measured at 175 K

[Fig. 7(f)], indicating that the change of band dispersion is
beyond our resolution. Intriguingly, the spectral weight of
the dispersive part at 130 K is enhanced compared to that at
175 K while the background does not change [Fig. 7(g)]. A
detailed comparison of EDCs at different temperatures indi-
cates that the spectral weight enhancement happens mainly
between 175 K and 130 K [Fig. 7(h)], consistent with the
transition temperature from resistivity measurements. The en-
hancement of spectral weight can also be observed while com-
paring EDCs at different momenta in Fig. 7(i). According to
Fig. 7(g) and 7(i) the increment of spectral weight happens
within 0.6 eV, beyond the vicinity of the Fermi energy.

DISCUSSION

The band dispersion of BaAg2As2 along three dimensional
momentum space is comprehensively revealed by ARPES.
The bulk states show only hole-type Fermi surfaces in
BaAg2As2, which is different from that of undoped BaFe2As2

with the coexistence of both electron and hole pockets and
neutral charge [27]. The Hall coefficient measurements fur-
ther indicate the hole-type carrier in BaAg2As2 bulk crystals
(Supplementary Fig. S5 [13]). The difference in charge type
between BaAg2As2 and BaFe2As2 can be explained by the
different valence states and As-As bonding. Different from
Fe2+ in BaFe2As2 which has 6 electrons of Fe 3d orbitals near
Fermi energy, the Ag+ in BaAg2As2 has full 4d shells and
contributes little to Fermi surface. In contrast to the full shell
of As3− in BaFe2As2, the As2− in BaAg2As2 would nominally
have one hole at p orbital for each As. Considering that c
parameter of BaAg2As2 is comparable to the collapsed phase
of CaFe2As2 with even shorter As-As distance [10, 28, 29],
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strong homoatomic As-As bonding happens in BaAg2As2 like
in collapsed phase of CaFe2As2 [28]. The localized As-As
bonding may reduce the itinerant hole carriers from 1 hole/As,
which could explain the finite concentration of 0.17 holes per
unit cell with As p orbitals in BaAg2As2.

The revealed band structure offer constraints to theoreti-
cal calculations of AgAs layered compounds. As shown in
Fig. 5(n), the measured band dispersion along Γ-Σ and Γ-Z
could not be reproduced by the current theoretical calcula-
tions in ref.10, which calls for future adjustment of theoret-
ical calculations. The observed 3D electronic structure could
be modulated by the truncation of the 3D crystal and broken
As-As bond at the surface [30]. Nevertheless, we expect such
modulation should be minor as our data do not fit any band
splitting behavior of finite layers, but show even less bands
than the calculation [10]. The deviation from the calculation
could possibly relate with the fine structure of BaAg2As2, i.e.
the accurate positions of atoms within each unit cell, are off in
the previous report [10].

Considering the origin of the phase transition, our results
do not support a CDW picture. In RSXS measurements, we
did not find any transition-related diffraction peak at scatter-
ing vectors corresponding to Fermi surface nesting, which is
typical in CDW materials [26]. A stronger evidence comes
from the absence of either gap opening at the Fermi cross-
ings, which is typical in conventional CDW materials [25],
or the suppression of spectral weight at non-dispersive Fermi
patches, which is usually the case in strongly correlated CDW
materials[20, 25].

To understand the mechanism of the structural phase tran-
sition of BaAg2As2, it would be helpful to compare it with
other TM-Pn layered materials as well. A small orthorhom-
bicity appears quite clearly below 150K, which shows sim-
ilar distortion magnitude in BaFe2As2 and is reminiscent of
the nematic transition observed in iron pnictides, making it
very intriguing to know whether it could have some similar-
ity. In iron pnictides, the origin of the transition is electron-
ically driven, relating with orbital/spin order [9], which in-
duces a huge band splitting below the transition temperature.
However, the significant band reconstruction relating with ne-
maticity in Fe-based superconductors is absent in BaAg2As2

[Fig. 7]. To further compare the EDC at Fermi Crossing at
different temperatures, we convolve the EDC at 130K with a
Gaussian, which has a FWHM (full width at half maximum)
of 3.5kBT (kB is the Boltzmann constant, and T is the cor-
responding temperature)[31]. As presented in Supplementary
Fig. S6 [13], there is negligable band shift in BaAg2As2 below
the phase transition. If any, it is distinct from iron pnictides,
but could be related with the δ∼0.0052 structural distortion
induced hopping parameter variation [32].

In SrAg4As2, another AgAs layered compound, Fermi sur-
face reconstruction is speculated at the structural phase tran-
sition considering the discrepancy between the Fermi surface
resolved by low temperature quantum oscillation experiments
and DFT calculated Fermi surfaces with structural parameters
at room temperature [11]. However, here our temperature-

dependent ARPES study indicates that the phase transition in
BaAg2As2 is not accompanied by Fermi surface reconstruc-
tion, but is an enhancement of dispersive spectral weight. It
calls for future studies on other AgAs layered compounds to
investigate whether they share the same transition nature as in
BaAg2As2.

The spectral weight of dispersive bands represents the DOS
of coherent carriers that have a significant influence on the re-
sistivity. A change of DOS has been discovered in several ma-
terials [34–36]. In particular, in Nd-doped La0.46Sr0.54MnO3

the increase of DOS near Fermi level is accompanied by a de-
crease in resistivity, similar to BaAg2As2 although the latter
has no magnetism. Since the resistivity is directly related to
the DOS of coherent carriers near Fermi level, the enhance-
ment of dispersive spectral weight can be a possible reason
why the resistivity drops below Ts. Such an enhancement
may come from the increased coherence due to reduced scat-
tering channels, or a different Ag-As hybridization condition,
at the low temperature symmetry-breaking phase. Neverthe-
less, the mutual relation between structural transition and en-
hancement of dispersive DOS still calls for future theoretical
explanations.

CONCLUSION

To summarize, we have performed systematic ARPES,
synchrotron XRD and RSXS measurements on high-quality
BaAg2As2 single crystals, and revealed their three dimen-
sional electronic structure across their structural transition. A
structural distortion was observed with a,b distortion which
solved the puzzle of why the tetragonal-type model no longer
fits the diffraction data below the transition temperature [10].
Although the Fermi surfaces of BaAg2As2 satisfy nesting con-
ditions, no diffraction peak of CDW order is observed at the
nesting wave vectors. Moreover, neither the CDW gap nor
band reconstruction is observed across the phase transition,
excluding electronic-instability-induced CDW or orbital or-
ders at low temperature. A significant enhancement on the
spectral weight of dispersive features extending to -0.6 eV be-
low the Fermi energy is observed across the structural phase
transition, which can be related to the sharp drop of resistiv-
ity below the phase transition temperature. The weak response
from the low energy electronic structure across the phase tran-
sition suggests the structural distortion in BaAg2As2 is not
electronically instability driven, different from Fe-based su-
perconductors. These studies help to understand the origin of
the phase transition in BaAg2As2, which may also apply in
other AgAs layered compounds.
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