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SAMPLE PREPARATION.

High-quality FeTeq 555€q 45 single crystals were grown
by a unidirectional solidification method with a nom-
inal composition of FeTes5Se945 (T. = 14.5 K and
AT.=1 K). Single crystals of LiFeAs (7. = 18 K and
AT.=1 K) were synthesized by a self-flux method using
LizAs, FeAs, and As powders as the starting materials.
The mixture was ground and put into an alumina cru-
cible and sealed in an Nb crucible under 1 atm of argon
gas. The Nb crucible was then sealed in an evacuated
quartz tube, heated to 1100°C, and slowly cooled down
to 700°C at a rate of 3°/h.

BAND DISPERSION

The normal state band dispersion that is determined
by ARPES. In order to increase the number of photo-
electron and prevent surface aging, the measurement was
performed with medium energy resolution (~ 10 meV)
at 30 K. Figures [Th and b show the second derivative
of ARPES intensity map along I' (0,0)-M (m,0) direction
of LiFeAs and FeTeq 555€eq.45, respectively. Here we use
the 1 Fe per unit cell notation. The colorscale of these
two plots are the same. The intensity contrast in LiFeAs
is much larger than FeTeg 555€9.45, consistent with the
Fermi liquid normal state of LiFeAs and bad metal nor-
mal phase of FeTeq 555€9.45. We note that compare with
the LDA+DMFT calculation shown in Fig. 2b of the
main text, the shallow electron pocket at the I' point
in FeTeq 555€0.45 is not evident in our raw data, but has
been clearly observed in laser-ARPES with improved mo-
mentum resolution [T, 2.
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Figure 1. Second derivative of ARPES intensity map along
I'-M direction of (a) LiFeAs and (b) FeTeg.555¢e0.45. Colored
circles are the extracted band dispersion. Near Er, the dis-
persion is extracted by tracing the EDC peak positions. At
higher energy, band dispersion is directly extracted from the
second derivative plot and consistent with previous studies
[1, B} 4]. The data point at k;, < 0 is symmetrized from the
data point at k,, > 0. The orbital contributions of each band
are represented by different colors.

FERMI ENERGY IN THE IRON-BASED
SUPERCONDUCTORS

In single band and single orbital electronic systems,
the quasi-particle (QP) kinetic energy can be written as

Ex = gifz and m* is the effective mass, therefore the
Fermi energy, Fr, is corresponding to the band top or
band bottom of the valence band. In the multi-band
and multi-orbital FeSCs, the same electron, say the d,

electron, is contributing for both the electron bands at
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Figure 2. Simulated BCS spectral function A(k,w) at (a) 6 K
and (b) 20 K. The colorscale of (a) and (b) are the same.

the M point and the hole bands at the I' point with the
total QP kinetic energy E7Y = > % Therefore it
is natural using E%? to describe Er. Here E! is de-
fined as the largest energy difference between the bot-
tom of the electron bands at the M point and the top of
the hole bands at the I'" point. Since ARPES can only
measure occupied states, the band top of hole bands at
the I" point is determined by using a parabolic function,
a + bk?, to fit the band dispersion in the occupied state.
In LiFeAs, we found a®¥ = 5045 meV, combined with the
experimentally determined band bottom at the M point
yields E¥h. 4. ~ 200 meV. In FeTeg 555€9.45, we found
a™ = 3 + 2 meV, combined with the experimentally de-
termined band bottom at the M point yields E%.g ~ 25
meV.

We shall note that, Er is also expected to be orbital
dependent. However, as we shown in Fig. [I] in FeSCs,
Eyot is similar for all ¢34 bands. Therefore, the E;,; can
be considered as an averaged Ef for the to; bands. As
we described in the main text, this definition can pre-
cisely reproduce the recently observed Caroli-de Gennes-
Martricon states in FeTeg 555€q.45 [5] and more consistent
with previous ARPES data in LiFe;_,Co,As [6].

THE BCS SPECTRAL FUNCTION

Figures and b show the simulated BCS spectral
function at 6 K and 20 K, respectively.

1 Fk(1+%) T ( _%)
Alk,w) = 5 [(w - Ek)2E+ Iy (w+ Ek)2E+ Fi} .

with

Ep =\/& + A} (2)

Here we use a parabolic band dispersion, & = 10 —
200 x k2 and set Ty, = 1 meV and A, = 3 meV. Since
Eq.|ljmixes particle and hole in the superconducting (SC)
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Figure 3. ARPES measured SC gap on (a) LiFeAs and

(b)FeTeo.555€0.45. The largest SC gap (5.54+0.3 meV) in
LiFeAs is observed on the o’ band near the I" point, while the
largest SC gap (4.2£0.3 meV) in FeTeq.555€e0.45 is observed
on the electron band.

phase, the Bogliubov dispersion that is described by Eq.
can only be observed at k < kp for hole-like band. This
is fully consistent with LiFeAs, where the Bogliubov QP
peak is indeed observed at k < kg and is absent at k > kp
(Fig. 2¢ of the main text). In FeTeq 555€0 .45, however, a
coherent QP peak that is associate with superconductiv-
ity is observed at k > kp. This non-BCS behavior is a
strong spectroscopic evidence to prove that the coherent
SC spectral weight emerges directly from an intrinsically
incoherent bad metal phase [7] [§].

THE SUPERCONDUCTING GAP ON
DIFFERENT ELECTRONIC BAND

In iron-based superconductors (FeSCs), SC gaps on dif-
ferent electronic bands are different. Figure [3| shows the
ARPES determined SC gap in LiFeAs and FeTeq 555€e¢.45-
All EDCs are measured at 6 K. In LiFeAs, kr positions of
the electronic bands are determined by momentum dis-
tribution curve (MDC) in the normal state at Ep. In
FeTeq 555€0.45, due to the bad metal normal state, kr
positions are determined by the gap-minimum positions
in the superconducting state. In LiFeAs, the largest SC
gap is observed on the o’ band, which is mainly composed
of dg./d,. orbital characters. In contrast, the largest SC
gap in FeTeq 555€eg.45 is observed on the electron band,
where all three 5, orbitals have large contribution.
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ARPES determined A,,qz
Materials Anaz T. (K)|2A a2 /T
(meV)

BaFel.gg,COo'lg)ASgﬂgﬂ 7+1 25.5 6.44+0.9
Ba0‘75K0_25F€2A82m 8+0.8 26 7.12+0.72
Ba046K0_4F62ASQ[IE] 12+1.5 38 7.3240.9
Ba0.3K0_7FeQAs2[IHII] 7.94+0.8 22 8.3240.72
Bao.lKQ_gFGQASQ[m 3.6+0.5 10 8.34+1.2
BaFe; sRug 5As2[13] 5.56£0.8 |15 8.5£1.2
BaFeyAsy 4Po g[14] 8.6+£0.8 (30 6.740.62
LiFeAs][6] 5.5£0.5 |18 7.08+£0.64
LiFeo_g7CO0.03AS“EH 4.54+0.5 15 6.96+0.76
FeTe 555€0.45[15] 42405 |145 [6.72+0.8
NaFe()'95COO‘05ASﬂ]B|] 6.5+1 18 8.36+1.2
KFeySes[17] 8.5 £1 29 6.8+0.8
FeSel[I8] 3.0 £0.5 [8 8.6+1.5

DFT4+DMFT CALCULATIONS FOR THE
FeTeo,55Seo,45 ALLOY

In FeTeg 555€0.45, although Te:Se~1:1, it does not form
any charge or magnetic order. This is consistent with
STM and ARPES studies [I5, [19], where no superstruc-
ture or band-folding is observed. Therefore to investigate
the FeTeg 555€e0.45 alloy we construct a model starting
from the crystal structure of pristine FeSe. As shown in
Fig. [ in our model we considered that the main effect
of alloying Te and Se is the increasing of the chalcogen
height. To take this effect into account we considered
that the Se height in our model is the average height of
Se and Te in pristine FeSe (1.475 A) and FeTe (1.755 A),
respectively. As a result, in our model the Se height is
taken to be A = 1.615 A. It is noteworthy that within
our model we neglect the additional effects of alloying Te
and Se, such as structural disorder, those effects are ex-
pected to further decrease the coherence of the electronic
state.

Figure 4. Top and side views of our structural model for the
FeTep.555€0.45 alloy. In our model the Se height is A = 1.615
A. The brown and green spheres represent Fe and Se atoms,
respectively. The unit cell is represented by the rectangular
prism.
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Figure 5. Imaginary part of DMFT self-energy of (a) day, (b)
ds-, and (c) dy. states, in pristine FeSe (blue lines) and in
our model (red lines).
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Figure 6. Local spin susceptibility of pristine FeSe (blue line)
and of our model (red line).

The increasing of the chalcogen height has considerable
effects in the electronic correlations of this material. As
shown in Fig. 5] the Im¥,(w = 0) (o = {day,ds2,dy=})
is enhanced with the increasing Se height. In particu-
lar, the d,, states have more profound changes as can
be seen in Fig. [f[a). This leads to important broad-
ening effects in the states of d;y, ds., and d,. charac-
ter around the Fermi level as can be seen in the single-
particle spectral function shown in Fig.2(b) of the main
text. These results are consistent with experimental ob-
servations, where the single particle spectral function is
more coherent in FeSe and becomes more and more in-
coherent towards to FeTe [20H22]. The enhancement of
correlations also leads to important effects on spin ex-



citations. In Fig. [6] we show the imaginary part of the
local spin susceptibility obtained from our DMFT calcu-
lations. As can be noticed, the low-energy peak located
around 0.03 eV is strongly enhanced due to the increas-
ing of Se height. This indicates that the enhancement of
correlations is accompanied by a substantial increase of
low-energy spin excitations, which again is in agreement
with previous inelastic neutron studies [23] 24].
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