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Understanding the role of electron correlations in quasiparticle coherence is cen-

tral to multiorbital iron-based superconductors. Here, we investigate the elec-

tronic structure and temperature-dependent quasiparticle dynamics of CsFe2As2
using polarization-resolved laser- and synchrotron-based angle-resolved photoe-

mission spectroscopy combined with first-principles calculations. We resolve

multiple hole-like Fermi surface sheets around the Γ and M points, with the α(α′)

and β bands predominantly derived from Fe 3dxz/yz orbitals and the γ band mainly

from dxy. The calculations reveal a strongly three-dimensional and multiorbital

Fermi surface topology, while discrepancies in the detailed orbital character indi-

cate significant correlation effects. Temperature-dependent ARPES further re-

veals an orbital-selective coherence-incoherence crossover. The α band exhibits

a gradual loss of coherence over approximately 50-85K, accompanied by sup-

pressed spectral weight, increasing linewidth, and evolving dispersion, whereas

the β band shows an abrupt collapse of coherent spectral weight near 50-60K

with little change in its dispersion. Together with the resistivity anomaly near

80K, these results establish a microscopic connection between orbital-selective

quasiparticle coherence and macroscopic transport behavior. Our findings pro-

vide direct momentum-resolved evidence for band-selective correlation effects in

the strongly correlated multiorbital state of CsFe2As2.

I. INTRODUCTION

Iron-based superconductors provide a unique platform for investigating correlation-driven

electronic coherence because their low-energy properties originate from multiple Fe 3d or-

bitals with moderate Coulomb interactions and strong Hund’s coupling[1–4]. Since the dis-

covery of superconductivity in iron pnictides, extensive experimental and theoretical studies

have revealed that these materials cannot be simply described as weakly correlated metals.

Instead, their electronic properties are governed by an intricate interplay among orbital occu-

pancy, Hund’s coupling, spin fluctuations, and electronic correlations[1, 2, 5]. In particular,

dynamical mean-field theory (DMFT) calculations have suggested that many iron-based

superconductors belong to the class of Hund’s metals, where Hund’s coupling promotes

orbital differentiation and strongly suppresses quasiparticle coherence without necessarily
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driving the system into a Mott insulating state[6, 7]. Therefore, investigating the evolution

from incoherent electronic states to coherent quasiparticles is essential for understanding the

electronic ground states of iron-based superconductors.

Among various iron-based superconductors, the heavily hole-doped AFe2As2 (A = K,

Rb and Cs) family provides an ideal system for exploring correlation-driven coherence

phenomena[8–14]. Compared with the parent compound BaFe2As2, these compounds are

located at the extreme hole-doping limit of the 122 phase diagram[9, 15], where electron

pockets near the Brillouin-zone corner disappear and the Fermi surface consists exclusively

of hole-like bands[16, 17]. The absence of electron-hole compensation and the strongly en-

hanced effective masses distinguish these materials from other iron pnictides and indicate a

distinct electronic regime dominated by strong correlations[9, 11, 13, 15].

CsFe2As2 represents the most strongly correlated member of the AFe2As2 family[12, 13,

15]. Although it exhibits a relatively low superconducting transition temperature (Tc ≈ 2 K),

CsFe2As2 possesses remarkably enhanced Sommerfeld coefficients, large effective masses, and

anomalous transport properties, suggesting a highly renormalized electronic state[13, 18–21].

The large lattice constant and reduced bandwidth in CsFe2As2 enhance the ratio between

interaction strength and kinetic energy, driving the system closer to an orbital-selective

correlated regime. Previous studies have suggested that CsFe2As2 may approach an orbital-

selective Mott phase, where different Fe 3d orbitals exhibit distinct degrees of localization

and coherence[5]. In particular, the dxy orbital is expected to experience stronger correlation

effects due to its narrower bandwidth and different orbital geometry compared with the dxz/yz
orbitals.

The microscopic origin and evolution of electronic coherence in CsFe2As2 remain largely

unexplored. Existing angle-resolved photoemission spectroscopy (ARPES) studies have

mainly focused on its Fermi surface topology and superconducting properties, while the

temperature-dependent evolution of quasiparticle coherence has received much less attention[22,

23]. In strongly correlated systems, the crossover from incoherent excitations at high temper-

ature to coherent quasiparticles at low temperature is expected to manifest itself through

characteristic spectral signatures, including the emergence of sharp quasiparticle peaks,

redistribution of spectral weight, and temperature-dependent changes in band renormal-

ization. Identifying such signatures provides direct insight into how electronic correlations

govern the low-energy excitations.
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The concept of coherence-incoherence crossover has been extensively discussed in Hund’s

metals and other correlated electron systems. Within the DMFT framework, increasing

temperature suppresses coherent quasiparticle formation and transfers spectral weight from

the quasiparticle peak near the Fermi level to incoherent Hubbard-like features at higher

binding energies[6, 24]. Experimentally, this behavior has been observed in several iron-based

superconductors through optical spectroscopy, ARPES, and transport measurements[25, 26].

Nevertheless, direct momentum-resolved observation of the coherence-incoherence crossover,

particularly in the strongly correlated end member CsFe2As2, remains lacking.

CsFe2As2 therefore provides a unique opportunity to investigate how strong electronic

correlations influence quasiparticle formation in a multiorbital system. In this work, we

employ high-resolution ARPES measurements to investigate the detailed electronic struc-

ture and temperature-dependent quasiparticle evolution in CsFe2As2. By systematically

analyzing the band dispersions, spectral weight redistribution, and quasiparticle coherence

behavior, we reveal the characteristic signatures associated with a coherence-incoherence

crossover. Our results establish CsFe2As2 as an important platform for studying correlation-

driven quasiparticle formation and provide new insights into the role of Hund’s coupling and

orbital-selective correlations in iron-based superconductors.

II. EXPERIMENTAL METHODS

High-quality single crystals of CsFe2As2 were grown using the self-flux method[27]. The

crystals were characterized by magnetic susceptibility and electrical resistivity measurements

(Fig. 1i). A superconducting transition temperature of Tc = 2.2K was observed (inset in

Fig. 1i). Considering the resistivity at 300 K and the extracted value at zero temperature, a

RRR (residual resistivity ratio) value of 360 is obtained for the measured CsFe2As2 sample.

The measured resistivity-temperature dependence is similar to that reported before[27].

A pronounced crossover appears near 80 K where the slope of resistivity (dρ/dT ) changes

abruptly as marked by the pink shadow in Fig. 1i.

ARPES measurements were performed using a laser-ARPES system equipped with a

6.994 eV vacuum-ultraviolet (VUV) laser and a DA30L hemispherical electron analyzer[28–

30]. The sample was electrically isolated and connected to a Keithley 2450 source meter,

enabling application of the sample bias which can significantly expand the accessible mo-
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mentum space in laser-ARPES measurements[30]. The laser spot size on the sample surface

was focused to approximately 10µm. For the measurements presented in Figs. 1a-1d, an

overall energy resolution of approximately 10 meV was achieved by using a pass energy of

20 eV and a slit width of 0.2 mm under a sample bias of −200V. A higher energy resolution

of approximately 2.5 meV was obtained by using a pass energy of 5 eV and a slit width of

0.2 mm with sample biases of −25V (Figs. 1e-1f) and 0 V (Figs. 1g, 5, and 6). The an-

gular resolution was better than 0.2◦ under zero sample bias conditions. All samples were

cleaved in situ in ultrahigh vacuum with a base pressure better than 5 × 10−11 mbar. The

Fermi level of the sample was referenced by measuring a clean polycrystalline gold which

is electrically connected to the sample. The work function of CsFe2As2 was determined

to be 1.195 eV by applying a sample bias and then measuring the energy position of the

Fermi level and the high binding energy cutoff[30]. Additional synchrotron-based ARPES

measurements were carried out at the BL03U endstation of the Shanghai Synchrotron Radi-

ation Facility (SSRF), equipped with a DA30L hemispherical electron analyzer[31] (Fig. 1h).

The synchrotron measurements were performed with a pass energy of 10 eV and a slit width

of 0.3 mm.

Our first-principle calculations employ the projector augmented wave (PAW) method en-

coded in Vienna ab initio simulation package (VASP)[32–34]. The Perdew-Burke-Ernzerhof

(PBE)[35] exchange-correlation functional is used. In the calculations, the kinetic energy

cutoff is set to be 500 eV for the expanding the wave functions into a plane-wave basis, and

the Brillouin zone is sampled in the momentum space within a Monkhorst-Pack scheme[36].

On the basis of the equilibrium structure, the momentum mesh used is 7 × 7 × 7. We fix

the lattice constants and relax internal atomic positions, and forces are minimized to less

than 0.01 eV/Å in the relaxation. We adopt the relax parameters (a=3.894Å, c=14.798Å,

zAs=0.3355) in the calculations.

III. RESULTS AND DISCUSSION

To establish the complete electronic structure of CsFe2As2, we first performed comprehen-

sive ARPES measurements to determine its Fermi surface topology and orbital-dependent

electronic states. Fig. 1 presents a series of Fermi surface mappings obtained under different

experimental conditions, which together reveal the detailed topology and orbital character of
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the low-energy electronic states. Fig. 1a-d show the measured Fermi surface mappings from

laser ARPES measurements under four different polarization geometries. A large sample

bias was applied during these measurements which allows collection of photoelectrons over

the 2π solid angle that gives a broad momentum space coverage larger than one Brillouin

zone[30]. Different polarization geometries (defined by the slit orientation and the electric

field vector(E⃗) of the incident laser as indicated at the left-bottom corners) were used to

reveal full electronic structures because the multiple orbitals exhibit quite different pho-

toemission matrix element effects. Since large sample bias tends to degrade the momentum

resolution[30], we also carried out laser ARPES measurements using low sample bias (Fig. 1e

and Fig. 1f) and zero bias (Fig. 1g) in order to observe fine Fermi surface structures more

clearly. To take advantage of photon-energy-dependent matrix element effects to resolve dis-

tinct electronic bands, additional synchrotron-based ARPES measurements were performed

at a photon energy of hν = 60 eV (Fig. 1h). Taking together all Fermi surface data acquired

under various experimental conditions in Fig. 1a-h, combined with the analysis of the cor-

responding band structures in Fig. 2 and Fig. 3, we arrived at the measured Fermi surface

topology of CsFe2As2 as depicted in Fig. 1j.

The measured Fermi surface of CsFe2As2 consists of four hole-like Fermi surface sheets

around the Γ point, labeled as α, α′, β and γ in Fig. 1j and two hole-like Fermi pockets

around the M point, labeled as ε and δ in Fig. 1j. In addition, a small surface state Fermi

surface is presented around Γ which is identified by the band structure analysis (Fig. 2b-d).

Since the low energy electronic states are mainly from the Fe 3dxz, 3dyz and 3dxy orbitals,

the measured Fermi surface mappings (Fig. 1) and band structures (Fig. 2 and Fig. 3)

exhibit pronounced orbital-dependent matrix element effects. This effect, combined with the

multiple band nature and three dimensionality of the band structure, makes the identification

of the electronic structures in CsFe2As2 less straightforward. It also makes it necessary

to measure CsFe2As2 under various conditions using different polarization geometries and

different photon energies.

The α Fermi surface exhibits its strongest spectral intensity along Γ-X but is strongly

suppressed along Γ-Y in the measurement geometry shown in Fig. 1a and Fig. 1e. The same

α Fermi surface shows its strongest spectral intensity along Γ-M(−π, π) but is strongly

suppressed along Γ-M(π, π) in the measurement geometry shown in Fig. 1c and Fig. 1g.

The four-lobed α Fermi surface contour in Fig. 1j is obtained through these measurements.
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The α′ Fermi surface overlaps with the α Fermi surface along Γ-X and Γ-Y . It can be

clearly observed in a special measurement geometry in Fig. 1g where the α′ Fermi surface

is marked. The β Fermi surface exhibits its strongest spectral intensity along Γ-Y but is

strongly suppressed along Γ-X in the measurement geometry shown in Fig. 1a and Fig. 1e.

The same β Fermi surface shows its strongest spectral intensity along Γ-X but there are

residual spectral weight along Γ-Y and Γ-M(−π, π) in the measurement geometry shown in

Fig. 1f. The four-lobed β Fermi surface contour in Fig. 1j can be obtained through these

measurements. The γ Fermi surface is clearly observed in the measurements shown in Fig. 1e

and Fig. 1f. The ε Fermi pocket is strongly suppressed in all the laser ARPES measurements

(Fig. 1a-d) but it shows up clearly in the synchrotron ARPES measurement shown in Fig. 1h.

The δ Fermi pocket around M can be directly observed in Fig. 1a-d although its intensity

is weak in the measurements shown in Fig. 1a-b. It shows strongest intensity along Γ-

M(π, π) but is suppressed along Γ-M(−π, π) in the measurement in Fig. 1c. These results

give a hole-like δ Fermi pocket around M as shown in Fig. 1j. The polarization-dependent

electronic structure observed here is qualitatively consistent with previous ARPES results

on KFe2As2[17]. The α, α′, and β bands all exhibit characteristic dxz/dyz polarization

dependence, indicating substantial dxz/dyz orbital contributions. Meanwhile, the γ-derived

band with the most pronounced dxy character forms the largest Fermi pocket.

We note that our high-resolution laser ARPES measurements also uncover subtle weak

features in the Fermi surface mappings presented in Fig. 1a-g, which cannot be explained by

the Fermi surface topology summarized in Fig. 1j. Several of these features are highlighted

by dashed lines in Fig. 1a and Fig. 1f. Scanning tunneling microscopy (STM) experiments

on CsFe2As2 have demonstrated that cleaved surfaces can undergo Cs atomic reconstruc-

tion, yielding a
√
2 ×

√
2 surface structure[37]. Analogous to observations on KFe2As2[17],

such surface reconstruction can induce band folding and thereby generate extra spectral fea-

tures. Given the relatively strong three-dimensional character of the electronic structure of

CsFe2As2, one cannot rule out the possibility that the finite kz resolution and simultaneous

sampling of multiple different kz values in laser ARPES measurements may also contribute

to these additional signatures. The microscopic origin of these faint features remains an

open question and requires further investigation.

To further resolve the low-energy electronic structure associated with the observed Fermi

surface, we extracted two momentum cuts along high-symmetry directions from the ARPES
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intensity maps. Fig. 2 presents the band structures along Γ-X(Fig. 2a-d) and Γ-M(Fig. 2i-l)

obtained from the datasets shown in Fig. 1a-d. The momentum cut positions are indicated

in the inset of Fig. 2e and corresponding polarization configurations are shown in the bot-

tom right corner of each figure. To resolve the band structures more clearly, Fig. 2e-h and

Fig. 2m-p show corresponding MDC (momentum distribution curve) second derivative im-

ages obtained from Fig. 2a-d and Fig. 2i-l, respectively. The observed bands are marked by

the corresponding name of the Fermi surface as indicated in Fig. 1j. Similar to the Fermi

surface mappings in Fig. 1, the measured band structures also exhibit strong dependence on

the measurement geometry. For the Γ−X measurements, only the α/α′ band(s) is observed

using the polarization geometry in Fig. 2a and Fig. 2e. When the measurement geometry is

switched to that in Fig. 2b and Fig. 2f, all the SS, α, α′, β and γ bands can be observed. In

particular, the surface state SS band can be clearly observed in Fig. 2b-d and Fig. 2f-h. This

surface state SS band has a weak spectral weight at the Fermi level and therefore it does not

show up clearly in the Fermi surface mappings in Fig. 1a-g. For the Γ−M measurements,

where only part of bands are observed in Fig. 2i,j,l and Fig. 2m,n,p, all the α, β, γ, ε and

δ bands show up clearly in Fig. 2k and Fig. 2o. The splitting of the α and α′ bands along

Γ − M is clearly observed in Fig. 2l and Fig. 2p. In particular, the δ band around the M

point shows up strongly in all the Γ−M measurements in Fig. 2i-l and Fig. 2m-p.

In order to reveal the fine electronic structures of CsFe2As2 around the zone center, we

present in Fig. 3 the laser ARPES measured results with a low sample bias which has a

higher momentum resolution. Fig. 3a shows the band structures along seven momentum

cuts (Cut1-Cut7) around Γ rotating from Γ-X to Γ-Y . The observed α, α′, β and γ bands

are marked by the corresponding name of the Fermi surface as indicated in Fig. 1j. In this

measurement geometry, mainly the α/α′ bands are observed along Cut1 (Γ-X direction)

(leftmost panel in Fig. 3a) while the β band shows up strongly in the Cut7 measurement

(rightmost panel in Fig. 3a). In between, the γ band is clearly observed along Cut4 and Cut5

and a van Hove singularity (VHS)-like feature appears in the measurement along Cut4 (Γ-M

direction). Fig. 3c presents the band structures along six different momentum cuts that are

parallel to Γ-X direction but at different kys. Again the observed α, α′, β and γ bands are

marked in the measured band structures. In this case, the α/α′ bands show up clearly in

the Cut8 and Cut9 measurements while the β band is strong and clear in the Cut11 and

Cut12 measurements. The γ band is weak in intensity but can be clearly identified in the
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Cut11 and Cut12 measurements. The analysis of the fine band structures in Fig. 3 and the

band structures in Fig. 2 is essential in arriving at the Fermi surface topology of CsFe2As2
as shown in Fig. 1j.

To further elucidate the orbital character and three-dimensional nature of the electronic

structure revealed by ARPES, we performed first-principles calculations for CsFe2As2. The

calculated band structure along the high-symmetry momentum paths Γ-M-X-Γ (kz = 0) and

Z-A-R-Z (kz = 1) is presented in Fig. 4a, with the bands color-coded according to their Fe

3d orbital characters. The calculated Fermi level does not coincide with the experimentally

determined chemical potential. To reproduce the experimentally observed Fermi surface

topology, the chemical potential is shifted downward by 0.07 eV, such that the experimental

Fermi level is located at EF(Exp) = EF − 0.07 eV, as indicated by the red dashed line.

At this energy, multiple bands cross the Fermi level around the Brillouin-zone center and

zone corners, giving rise to several Fermi surface sheets with distinct orbital characters and

markedly different kz dispersions. The corresponding three-dimensional Fermi surfaces at

EF(Exp) are shown in Fig. 4b. The calculated Fermi surface sheets around the Brillouin-zone

center exhibit a pronounced hierarchy in their dimensionality. The first sheet [Fig. 4b(i)]

displays the strongest three-dimensional character. It is concentrated predominantly around

kz = 1, whereas no corresponding Fermi surface contour is present at kz = 0, indicating

a strong out-of-plane dispersion. In contrast, the second sheet [Fig. 4b(ii)] exhibits the

weakest kz dependence and maintains an almost cylindrical shape throughout the Brillouin

zone, characteristic of a predominantly two-dimensional electronic structure. The third sheet

[Fig. 4b(iii)] also extends continuously along kz, but its cross-sectional size varies appreciably

between kz = 0 and kz = 1, resulting in a moderately warped cylindrical morphology.

It therefore retains a quasi-two-dimensional character while exhibiting appreciable three-

dimensional dispersion. The fourth sheet [Fig. 4b(iv)] has a considerably more complex

topology. Around the Brillouin-zone center, it forms a strongly warped Γ-centered sheet

whose cross-sectional size and shape evolve substantially with kz. In addition, two distinct

types of Fermi surface pockets emerge around the zone corners. The pocket closest to the M

point is confined to a narrow region near kz = 0 and rapidly disappears upon moving away

from this plane, indicating a strongly three-dimensional character. By contrast, the outer

M -centered pocket persists continuously from kz = 0 to kz = 1, although its size and shape

evolve with kz. It therefore forms a more extended Fermi surface sheet along the out-of-
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plane direction. Thus, the fourth sheet consists of a strongly warped Γ-centered component

together with two M -centered pockets exhibiting markedly different kz dispersions. The

evolution of these Fermi surface sheets along the out-of-plane direction is further illustrated

by the constant-kz contours shown in Figs. 4c and d. At kz = 0, several concentric hole-like

contours are present around Γ, accompanied by additional pockets around the four M points.

Upon moving to kz = 1, the central Fermi surface contours undergo substantial changes in

both size and shape, directly reflecting the finite kz warping of the corresponding bands. The

strongly three-dimensional first sheet emerges around the Z point at kz = 1, while the zone-

corner pockets evolve into the corresponding structures around the A points. Notably, the

pocket located closest to M at kz = 0 has no appreciable counterpart at kz = 1, consistent

with its confinement to a narrow range of kz near the kz = 0 plane. In contrast, the outer

zone-corner pocket survives throughout the kz = 0−1 interval. These calculations therefore

demonstrate that the Fermi surface sheets of CsFe2As2 possess strongly band-dependent

dimensionalities, ranging from nearly two-dimensional cylinders to highly three-dimensional

and strongly warped structures.

This pronounced kz dependence is particularly important for interpreting the low-photon-

energy ARPES measurements. Owing to the low photon energy and the small work function

of CsFe2As2, the photoelectrons detected in our 6.994-eV laser-ARPES measurements span

a finite range of out-of-plane momentum within a single Brillouin zone. Using an inner

potential of V0 = 12 eV[23] and a work function of 1.2 eV[29], we estimate that the nominal

kz at the zone center probed by the 6.994-eV laser is close to the Z point (kz = 1), whereas the

zone-corner measurements correspond approximately to the M point (kz = 0). The resulting

kz assignment provides a natural basis for directly comparing the calculated Fermi surfaces

with the experimentally observed topology. Indeed, the calculation reproduces several key

features of the experimentally observed Fermi surface. Around the Z point, four hole-like

Fermi surface sheets are predicted, while a small hole pocket is found around the M point

and is surrounded by a four-lobed, petal-like Fermi surface structure. These features are in

good qualitative agreement with the Fermi surface topology observed in our 6.994-eV laser-

ARPES measurements. The overall agreement indicates that the calculated band structure

captures the gross topology and three-dimensional character of the low-energy electronic

structure, and further supports the assignment of the laser-ARPES measurements to the

corresponding kz regions. Despite this qualitative agreement in Fermi surface topology, a
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pronounced discrepancy emerges in the orbital composition of the individual Fermi surface

sheets. In the calculation, the innermost Fermi pocket around the Γ point is predominantly

derived from the dxy orbital, whereas the second and fourth pockets exhibit dominant dz2

character. Only the third pocket is primarily composed of the dxz and dyz orbitals. This

orbital distribution is in clear contrast to the polarization-dependent ARPES measurements.

Experimentally, the α, α′, and β bands possess substantial dxz/dyz orbital contributions

and the γ band is mainly from the dxy orbital. Thus, although the calculations reproduce

the number and overall topology of the Fermi surface sheets, they fail to capture their

experimentally observed orbital hierarchy.

The polarization-dependent electronic structure observed here differs distinctly from the

orbital assignment obtained in conventional first-principles calculations. This discrepancy

suggests that the orbital composition of the low-energy electronic states is substantially

renormalized by electronic correlations. Given the strong correlation effects manifested in

the transport properties of CsFe2As2, conventional uncorrelated calculations can therefore

provide only a qualitative description of the experimentally observed Fermi surface topology.

In particular, they reproduce the overall number and approximate geometry of the Fermi

surface sheets, but fail to accurately capture their detailed orbital compositions and associ-

ated band dispersions. This discrepancy between the calculated and experimentally resolved

orbital characters provides important evidence that correlation effects play a crucial role in

determining the low-energy electronic structure of CsFe2As2.

The combined polarization-dependent Fermi surface mapping and detailed momentum

cuts establish that CsFe2As2 hosts a strongly anisotropic multiorbital electronic structure.

The multiple hole-like pockets around the Γ point possess distinct orbital characters. Such

orbital differentiation is a central characteristic of strongly correlated iron-based supercon-

ductors and provides an essential background for understanding the subsequent temperature-

dependent quasiparticle evolution. In particular, the coexistence of multiple renormalized

hole bands with different orbital characters allows us to investigate whether electronic co-

herence evolves uniformly across different electronic states or exhibits orbital-dependent

behavior. The well-resolved α and β bands, with their distinct polarization dependence

and comparable momentum locations, provide an ideal platform for tracking the evolution

of quasiparticle coherence as a function of temperature. The resistivity anomaly near 80 K

suggests a crossover in the electronic scattering behavior[19–21], but transport measurements
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alone cannot reveal the microscopic origin of this evolution. We use temperature-dependent

laser-ARPES measurements to directly track the evolution of low-energy quasiparticle exci-

tations. We focus on the α and β bands because both exhibit well-defined hole-like disper-

sions near the Fermi level.

Figure 5 presents the temperature evolution of the inner hole pocket α measured by laser

ARPES from 200 K down to 16 K. To minimize possible aging effects associated with the

highly reactive Cs atoms, the temperature-dependent measurements were performed during

cooling rather than heating process. To avoid sample shifting or slight orientation change

during temperature variation, at each temperature, the Fermi surface mapping was carried

out around the measured momentum cut. Fig. 5a shows the band structures measured at

different temperatures along a momentum cut crossing the α pocket along the Γ-X direction.

At low temperatures, the α band exhibits a sharp and well-defined hole-like dispersion

crossing the Fermi level, indicating the presence of coherent quasiparticle excitations. Upon

increasing temperature, the band gradually broadens and loses spectral intensity. However,

the quasiparticle feature remains observable even at 200 K, demonstrating that the loss of

coherence occurs continuously rather than through an abrupt disappearance of the band.

Figure 5c shows momentum distribution curves (MDCs) at EF measured at different

temperatures. At low temperatures, the MDC peaks are sharp. These MDC peaks obviously

get broadened at high temperatures. The two MDC peaks are fitted by two Lorentzians and

the extracted temperature-dependent Fermi momentum is plotted in Fig. 5e. The extracted

temperature dependence of the corresponding MDC width and MDC height is presented in

Fig. 5f. Two sets of the Fermi momentum, MDC width and MDC height can be obtained by

fitting the two MDC peaks of the left and right sides of the α band and the averaged values

are shown in Fig. 5e and Fig. 5f. A notable temperature dependence is observed in the Fermi

momentum. kα
F decreases continuously with increasing temperature from 16 K to 85 K and

then slightly increases with increasing temperature from 85 K to 200 K. The change of the

Fermi momentum from 16 K to 85 K reaches ∼20%. Such a temperature-dependent shift of

the Fermi momentum is unusual because the Fermi surface volume of a conventional metal

is generally insensitive to temperature. Similar temperature-induced Fermi momentum shift

is reported in other iron-based superconductors[38–40]. In the meantime, the MDC height

(green solid squares in Fig. 5f) also exhibits a rapid decrease with increasing temperature

from 16 K to ∼50 K and then changes only slightly from 50 K to 200 K. The MDC width
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(black solid triangles in Fig. 5f) shows a rapid increase with increasing temperature from

0.09 π/a at 16 K to 0.17 π/a at 50 K but it keeps growing with increasing temperature from

0.17 π/a at 50 K to 0.25 π/a at 200 K. The relative change is significant that amounts to

90% increase from 16 K to 50 K and even up to 180% increase from 16 K to 200 K. These

results clearly indicate a crossover from low temperature coherence to high temperature

incoherence that occurs around 50∼85 K.

The temperature-induced coherence-incoherence crossover also shows up in EDCs. Fig. 5d

shows EDCs at the Fermi momentum measured at different temperatures. It is clear that

the EDCs show sharp coherent peaks at low temperatures but they get much broadened at

high temperatures. To analyze these EDCs quantitatively, the EDCs are symmetrized with

respect to the Fermi level and the symmetrized EDCs are fitted by a Lorentzian to get the

symmetrized EDC width and symmetrized EDC height that are plotted in Fig. 5g. The

symmetrized EDC height (green empty squares in Fig. 5g) exhibits a rapid decrease with

increasing temperature from 16 K to ∼50 K and then decreases slowly from 50 K to 200 K.

This is consistent with the loss of sharp EDC peaks with increasing temperature shown in

Fig. 5d. Correspondingly, the symmetrized EDC width (black empty triangles in Fig. 5g)

keeps increasing with increasing temperature from 28 meV at 16 K to 155 meV at 200 K.

Figure 5h presents the temperature dependence of the Fermi velocity for the α band. The

Fermi velocity is obtained by MDC fitting of the α bands in Fig. 5a and getting the slope of

the E-k dispersion near the Fermi level. The Fermi velocity extracted from the left α band

(red solid circles) and the right α band (blue solid squares) is identical. Overall the Fermi

velocity of the α band is small and it exhibits a minimum around 40∼60 K. With decreasing

temperature from 200 K to 40 K, the Fermi velocity decreases from 0.81 eV·Å to 0.46 eV·Å

corresponding to a gradual flattening of the α band with decreasing temperature seen in

Fig. 5a. From the Fermi momentum and the Fermi velocity, one can get the effective mass

m∗ = ℏkF/vF which is plotted in Fig. 5i. The effective mass is found to increase with the

decreasing temperature, from 1.8 at 200 K to 3.5 at 16 K. This indicates the enhancement

of electron correlation with decreasing temperature for the α band.

Now we turn to examine the temperature dependence of the β band. Fig. 6 presents the

temperature evolution of the middle hole pocket β measured by laser ARPES from 200 K

down to 16 K. Fig. 6a shows the band structures measured at different temperatures along

a momentum cut crossing the β pocket along the Γ-X direction. At low temperatures,
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the β band exhibits a sharp and well-defined hole-like dispersion crossing the Fermi level.

Upon increasing temperature, the band gradually broadens and loses spectral intensity.

Fig. 6c presents MDCs at EF measured at different temperatures obtained from Fig. 6a.

The MDCs show two sharp peaks at low temperatures. These MDC peaks get broadened

with increasing temperature and become nearly invisible at high temperatures. To analyze

these MDCs quantitatively, the two peaks are fitted by two Lorentzians and the extracted

temperature-dependent Fermi momentum is plotted in Fig. 6e. The extracted temperature

dependence of the corresponding MDC width and MDC height is presented in Fig. 6f. The

Fermi momentum, MDC width and MDC height shown in Fig. 6e and Fig. 6f are averaged

values obtained by fitting the two MDC peaks of the left and right sides of the β band.

Overall, the Fermi momentum of the β band kβ
F shows a gradual decrease with increasing

temperature from 16 K to 200 K. But the MDC height (green solid squares in Fig. 6f) exhibits

a rapid decrease with increasing temperature from 16 K to ∼50 K and then changes only

slightly from 50 K to 200 K. On the other hand, the MDC width (black solid triangles in

Fig. 6f) first shows a rapid increase with increasing temperature from 0.12 π/a at 16 K to

0.22 π/a at 60 K and then slightly decreases with the temperature increase from 60 K to

200 K. The rapid decrease of the MDC height and the rapid increase of the MDC width

from 16 K to 50∼60 K are consist with the rapid loss of two peaks in MDCs as shown in

Fig. 6c. These results clearly demonstrate a crossover from low-temperature coherence to

high-temperature incoherence near 50∼60 K.

The coherence-incoherence crossover of the β band can be more directly observed in

EDCs. Fig. 6d shows EDCs at the Fermi momentum of the β band measured at different

temperatures. It is clear that the EDCs show sharp coherent peaks at low temperatures but

the coherent peak gets broadened with increasing temperature and becomes nearly invisible

at high temperatures. To analyze these EDCs quantitatively, the EDCs are symmetrized

with respect to the Fermi level and the symmetrized EDCs are fitted by a Lorentzian to get

the symmetrized EDC width and symmetrized EDC height that are plotted in Fig. 6g. The

symmetrized EDC height (green empty squares in Fig. 6g) exhibits a rapid decrease with

increasing temperature from 16 K to ∼50 K and then decreases slowly from 50 K to 200 K.

This is consistent with the loss of sharp EDC peaks with increasing temperature shown in

Fig. 6d. Correspondingly, the symmetrized EDC width (black empty triangles in Fig. 6f)

keeps increasing with increasing temperature from 39 meV at 16 K to 264 meV at 200 K.
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Fig. 6h presents the temperature dependence of the Fermi velocity for the β band. Overall

the Fermi velocity of the β band is small and shows little change with temperature. In the

meantime, the effective mass (Fig. 6i) also shows little change with temperature.

We systematically resolve the low-energy electronic structure of CsFe2As2 via polarization-

resolved laser and synchrotron ARPES measurements. The observed Fermi surface consists

of multiple hole-like pockets around the Γ and M points with distinct orbital characters,

dominated by Fe 3dxz/yz and 3dxy orbitals. The strong polarization-dependent spectral re-

sponses confirm the multi-orbital and highly anisotropic nature of the low-energy electronic

states in this heavily hole-doped iron pnictide. Complementary first-principles calculations

further validate and enrich this experimental electronic structure picture. The theoretical

results reveal pronounced three-dimensionality and strong kz dispersion in CsFe2As2, with

largely modulated Fermi surface topology evolving from kz = 0 to kz = 1. The calcu-

lated multi-orbital band structure and 3D Fermi surface morphology are in excellent overall

agreement with our ARPES observations. Such intrinsic 3D multi-band characteristics lay

the fundamental structural basis for the complex quasiparticle dynamical behaviors and

orbital-selective correlation effects observed in temperature-dependent measurements.

On the basis of this validated electronic structure, our temperature-dependent ARPES

measurements uncover prominent orbital-selective coherence-incoherence crossover behav-

ior in CsFe2As2. Both of the dominant dxz/yz-derived α and β bands undergo universal

thermally induced quasiparticle dephasing around 50-60 K, demonstrating a generic coher-

ence breakdown of low-energy coherent quasiparticles in the system. Despite their identical

orbital parentage and consistent crossover temperature scale, the two bands exhibit funda-

mentally distinct high-temperature quasiparticle evolution. The β band experiences com-

plete coherence quenching above 50-60 K, with nearly vanishing coherent spectral weight,

while its Fermi momentum, Fermi velocity and effective mass remain nearly temperature

independent, indicating full quasiparticle dephasing without noticeable modification of in-

trinsic band dispersion. In contrast, the α band only suffers partial coherence degradation.

Although its spectral weight and Fermi momentum are substantially suppressed across the

crossover regime, residual coherent quasiparticle peaks persist up to 200 K, accompanied

by continuous monotonic broadening of spectral linewidths. This divergent sustainability

of coherent states between bands highlights the strong band-selective correlation effect in

CsFe2As2.
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Such band-dependent coherence evolution is a characteristic hallmark of strongly corre-

lated multi-orbital systems. Different from conventional metals with homogeneous quasipar-

ticle responses and temperature-stable Fermi surfaces, correlated iron-based systems allow

distinct correlation strengths and scattering rates even for bands with the same dominant

orbital character. Subtle differences in orbital hybridization and local electronic localization

naturally lead to the orbital-selective coherence-incoherence crossover observed in CsFe2As2.

Our joint theory and experiment results provide a microscopic interpretation of the normal-

state transport anomaly in CsFe2As2. The macroscopic resistivity kink near 80 K originates

from the broad-range partial coherence degradation of the α band within 50-85 K, while

the sharp full dephasing of the β band at 50-60 K further regulates electronic scattering,

establishing a direct microscopic-macroscopic correlation.

Compared with isostructural KFe2As2, the unique 3D electronic structure and orbital-

selective crossover behavior of CsFe2As2 demonstrate that slight chemical and lattice vari-

ations can effectively tune orbital correlations and quasiparticle coherence in heavily hole-

doped iron pnictides. Minor residual spectral features in Fermi surface maps are likely

attributed to surface reconstruction and finite kz sampling effects, which deserve further in-

vestigation. Overall, this work provides a comprehensive understanding of correlation-driven

orbital-selective quasiparticle dynamics in iron-based superconductors.

IV. SUMMARY

In summary, we combine first-principles calculations and comprehensive polarization-

resolved ARPES measurements to systematically investigate the electronic structure and

temperature-dependent quasiparticle evolution of CsFe2As2. Theoretical calculations con-

firm the highly three-dimensional, multi-orbital Fermi surface geometry and strong kz dis-

persion of CsFe2As2, which is qualitatively consistent with our experimental laser and

synchrotron ARPES results. Temperature-dependent spectroscopic measurements reveal

a universal coherence-incoherence crossover around 50-60 K for both dxz/yz-derived α and β

bands, yet with dramatically different high-temperature behaviors. The β band undergoes

complete quasiparticle dephasing and loses all coherent spectral features at high temper-

ature, while the α band retains residual coherent quasiparticle peaks despite significant

spectral suppression. This distinct band-selective coherence evolution microscopically ac-
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counts for the normal-state transport anomaly near 80 K. Our joint theory-experiment work

provides definitive spectroscopic evidence for orbital-selective correlation effects in heav-

ily hole-doped iron-based superconductors, advancing the fundamental understanding of

multi-orbital quasiparticle dynamics and coherence crossover in strongly correlated electron

systems.
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FIG. 1. Fermi surface of CsFe2As2 measured under different conditions. (a-d), Fermi
surface mappings of CsFe2As2 measured at 16 K by laser ARPES under different polarization
geometries. The polarization geometry is defined by the slit orientation and the electric field
vector(E⃗) of the incident laser as indicated at the left-bottom corners. To increase the momentum
space coverage, a sample bias voltage of -200 V was applied during the measurements. These
mappings are obtained by integrating the spectral intensity within ±1 meV with respect to the
Fermi level. The first Brillouin zone is marked by a black line square. (e-f), Fermi surface mappings
of CsFe2As2 measured at 18 K by laser ARPES under two different polarization geometries. A
sample bias voltage of -25 V was applied during the measurements. (g), Fermi surface mapping
near the zone center Γ point measured at 15 K by laser ARPES. No sample bias was applied during
the measurement. (h), Fermi surface mapping measured at 13 K by synchrotron-based ARPES
with a photon energy of 60 eV. (i), In-plane electrical resistivity ρ of CsFe2As2 measured from 2 to
300 K. A pronounced crossover appears near 80 K where the slope of resistivity (dρ/dT ) changes
abruptly as marked by the pink shadow. The inset shows the zoom-in of the low-temperature
region where a sharp superconducting transition at Tc ≈ 2.2K is observed. (j), Fermi surface of
CsFe2As2 obtained by analyzing the Fermi surface mappings and band structures measured under
different conditions.
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FIG. 2. Band structures of CsFe2As2 along two high-symmetry directions measured
at 16 K under different polarization geometries. These are obtained from the same
measurements shown in Fig. 1a− d. (a-d), Band structures measured along Γ−X direction
(momentum cut Cut1) under different polarization geometries. (e-f), Corresponding MDC second
derivative images obtained from a− d. (i-l), Band structures measured along Γ − M direction
(momentum cut Cut2) under different polarization geometries. (m-p), Corresponding MDC second
derivative images obtained from i− l. The location of the momentum cuts Cut1 and Cut2 is marked
by red lines in the inset of e. The observed bands are labeled by the corresponding name of the
Fermi surface as indicated in Fig. 1j.
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FIG. 3. Detailed band structures of CsFe2As2 measured 18 K by laser ARPES. These
are obtained from the same measurement shown in Fig. 1e. (a), Band structures along
the momentum cuts Cut1-Cut7. These momentum cuts all cross the zone center and their locations
are marked by black lines in b. The observed bands are labeled by the corresponding name of the
Fermi surface as indicated in Fig. 1j. (b), Fermi surface mapping of CsFe2As2 with the location
of momentum cuts marked. (c), Band structures along the momentum cuts Cut8-Cut13. These
momentum cuts are parallel to Γ-X with their locations marked by black lines in b. The observed
bands are also labeled by the corresponding name of the Fermi surface as indicated in Fig. 1j.
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FIG. 4. Calculated electronic structures of CsFe2As2. (a), Calculated band structure of
CsFe2As2 along the high-symmetry momentum path Γ-M-X-Γ (kz = 0) and Z-A-R-Z (kz = 1), with
the bands color-coded according to the Fe 3d orbital characters. The red dashed line indicates the
experimental Fermi level (EF(Exp)), located at EF− 0.07 eV relative to the calculated Fermi level.
(b), Three-dimensional Fermi surface sheets calculated at the experimental Fermi level EF(Exp).
(c,d), Corresponding constant-kz Fermi surface contours at kz = 0 and kz = 1, respectively.
(e), Calculated relationship between the out-of-plane momentum kz and the in-plane momentum
k∥ for the 6.994-eV laser-ARPES based on the free-electron final-state approximation, with an
inner potential of V0 = 12 eV determined from the photon-energy-dependent synchrotron ARPES
measurements[23].
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FIG. 5. Temperature evolution of the hole-like α band in CsFe2As2 measured by laser
ARPES. (a), Band structures of the α band measured along Γ-X at different temperatures.
The location of the momentum cut (Cut1) is marked by the red line in b. The red and blue
arrows in top-left panel indicate the Fermi momenta α_L (left band) and α_R (right band) of the
observed α band. (b), Fermi surface mapping of CsFe2As2 with the location of the momentum
cut Cut1 marked. (c), Momentum distribution curves (MDCs) at the Fermi level measured at
different temperatures extracted from a. For clarity, these curves are offset vertically along intensity
scale. (d), Energy distribution curves (EDCs) at the Fermi momentum α_L measured at different
temperatures extracted from a. For clarity, these curves are also offset vertically along intensity
scale. (e), Temperature dependence of the Fermi momentum of the α band kαF . It is obtained by
fitting the MDCs in c with two Lorentzians and averaging over the two extracted Fermi momenta
(kα_L

F and kα_R
F ). (f), Temperature dependence of the MDC peak width (full width at half

maximum, FWHM) (black solid triangles, left scale) and MDC peak height (green solid squares,
right scale) extracted also from fitting the MDCs in c with two Lorentzians and averaging over the
values obtained from the left and right α bands. (g), Temperature dependence of the symmetrized
EDC peak width (FWHM) (black empty triangles, left scale) and symmetrized EDC peak height
(green empty squares, right scale). The symmetrized EDCs are obtained from EDCs in d and then
fitted with one Lorentzian to extract the width and height of symmetrized EDCs. (h), Temperature
dependence of the Fermi velocity of the α band. It is obtained by MDC fitting of the α bands
in a and getting the slope of the dispersion near the Fermi level. The Fermi velocity extracted
from the left α band (red solid circles) and the right α band (blue solid squares) is identical. (i),
Temperature dependence of the corresponding effective mass of the α band. It is obtained from
the Fermi momentum (e) and the Fermi velocity (h) by the relation m∗ = ℏkF /vF . The effective
mass obtained from the left α band (red empty circles) and the right α band (blue empty squares)
is identical.
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FIG. 6. Temperature evolution of the hole-like β band in CsFe2As2 measured by laser
ARPES. (a), Band structures of the β band measured along the momentum cut Cut2 at different
temperatures. The location of the momentum cut (Cut2) is marked by the red line in b. The red
and blue arrows in top-left panel indicate the Fermi momenta β_L (left band) and β_R (right
band) of the observed β band. (b), Fermi surface mapping of CsFe2As2 with the location of the
momentum cut Cut2 marked. (c), MDCs at the Fermi level measured at different temperatures
extracted from a. For clarity, these curves are offset vertically along intensity scale. (d), EDCs at
the Fermi momentum β_L measured at different temperatures extracted from a. For clarity, these
curves are also offset vertically along intensity scale. (e), Temperature dependence of the Fermi
momentum of the β band kβF . It is obtained by fitting the MDCs in c with two Lorentzians and
averaging over the two extracted Fermi momenta (kβ_L

F and kβ_R
F ). (f), Temperature dependence

of the MDC peak width (FWHM) (black solid triangles, left scale) and MDC peak height (green
solid squares, right scale) extracted also from fitting the MDCs in c with two Lorentzians and
averaging over the values obtained from the left and right β bands. (g), Temperature dependence
of the symmetrized EDC peak width (FWHM) (black empty triangles, left scale) and symmetrized
EDC peak height (green empty squares, right scale). The symmetrized EDCs are obtained from
EDCs in d and then fitted with one Lorentzian to extract the width and height of symmetrized
EDCs. (h), Temperature dependence of the Fermi velocity of the β band. It is obtained by MDC
fitting of the β bands in a and getting the slope of the dispersion near the Fermi level. The Fermi
velocity extracted from the left β band (red solid circles) and the right β band (blue solid squares)
is similar. (i), Temperature dependence of the corresponding effective mass of the β band. It is
obtained from the Fermi momentum (e) and the Fermi velocity (h) by the relation m∗ = ℏkF /vF .
The effective mass obtained from the left β band (red empty circles) and the right β band (blue
empty squares) is similar.
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