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The surprising discovery of tripling the superconducting critical temperature of KFe2As2 at high
pressures has led to an intriguing question of how the superconductivity in the collapsed tetragonal
phase differs from that in the non-collapsed phases of Fe-based superconductors. Here we report
89Y nuclear magnetic resonance study of YFe2GexSi2−x compounds whose electronic structure is
similar to that of iron-pnictide collapsed tetragonal phases already at ambient pressure. We find
that Fe(Ge,Si) layers show ferromagnetic spin fluctuations, whereas the layers are coupled antiferro-
magnetically. Furthermore, localized moments attributed either to Fe interstitial or antisite defects
may account for magnetic impurity pair-breaking effects, thus explaining the substantial variation
of superconductivity among different YFe2Ge2 samples.

PACS numbers: 76.60.-k, 75.50.Cc, 73.43.Nq, 74.70.Xa

I. INTRODUCTION

The collapsed tetragonal phase (CTP) found in the
family of AFe2As2 (A = Ba, Ca, Eu, Sr, K) at high pres-
sures has been considered to be a non-superconducting
phase1 because the formation of interlayer As-As bonds
triggers topological change of the Fermi surface, thus
removing the nesting conditions that are important for
superconductivity2. This notion was suddenly challenged
by the recent discovery of tripling the superconducting
critical temperature Tc in KFe2As2 at pressures higher
than ∼ 15 GPa when CTP is formed3,4. The strong
electron correlations4 or almost perfectly nested electron
and hole pockets found for KFe2As2 in CTP5 were both
put forward to explain the surprising enhancement of Tc.
Thus, to what degree the superconducting pairing mech-
anism of CTP differs from that of the non-collapsed lay-
ered Fe-based phases6 remains at present unclear.
Rare earth iron silicides and germanides of the RFe2X2

type (R = rare earth element, X = Ge, Si) have been
studied since the 1970’s for their magnetic properties –
various probes showed the absence of the long-rangemag-
netic order of Fe moments in this family of materials7,8.
The only exception seems to be LuFe2Ge2, which or-
ders antiferromagnetically with an ordering vector along
a [001] direction9–11. The two representative compounds
YFe2Si2 and YFe2Ge2 are isostructural to AFe2As2, i.e.,
they all grow in the same body-centered tetragonal crys-
tal structure (Fig. 1a). The ratio of YFe2Ge2 tetragonal
lattice parameters12 is c/a = 2.638, which is very close
to c/a ≈ 2.5 of the high-pressure CTP in KFe2As2

4. The
structural resemblance with CTP of KFe2As2 is reflected
in the similarities of their electronic structures5,13–15. Be-
cause of the collapsed tetragonal structure, the interlayer
Ge-Ge bonds make the band structure and the Fermi
surfaces of YFe2Ge2 more three-dimensional14. While

nesting of hole and electron pockets, similar to that in
KFe2As2, may further imply that the putative supercon-
ductivity in YFe2Ge2 has the standard s± order13, the
possible ferromagnetic spin fluctuations within Fe-layers
may even promote triplet superconductivity14. Reports
on experimental observations of superconductivity have
been equally controversial. Superconductivity was ini-
tially reported for YFe2Ge2 below Tc = 1.8 K12. On the
other hand, no bulk superconductivity down to 1.2 K
was observed in Ref. 16 and it was argued that the su-
perconductivity has a filamentary nature17. However,
a more recent study claimed bulk superconductivity in
high quality YFe2Ge2 ingots with Tc strongly dependent
on the sample quality15.

The key to understanding such conflicting findings is
hidden in the normal state of YFe2GexSi2−x family. First
principle calculations13,14,18 for YFe2Ge2 and YFe2Si2
suggest that the favorable three-dimensional magnetic
order is antiferromagnetic stacking of ferromagnetic Fe-
layers along the tetragonal c-axis. However, such long-
range antiferromagnetic order has never been experimen-
tally observed for these two compounds despite the en-
hanced spin susceptibility in the normal state9,16,19. The
maximum observed in the magnetization measurements
across the whole family of YFe2GexSi2−x has been in
some cases interpreted as an indication for a nearly fer-
romagnetic metal state16,19, but such maximum could
be due to the magnetic impurities. It should be stressed,
that the sister LuFe2Ge2 compound shows the proposed
antiferromagnetic ordering at TN = 9 K9–11 and the com-
plete suppression of TN by Y substitution on the Lu-
site in Lu1−xYxFe2Ge2 for x ≥ 0.2. This in fact posi-
tions LuFe2Ge2 and YFe2Ge2 close to an antiferromag-
netic quantum critical point11–14,16. Interestingly, strong
quantum fluctuations of the Fe spin moments were re-
ported in Refs. 20 and 21. Therefore, if superconduc-
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tivity in YFe2Ge2 is indeed intrinsic, it develops from
a state where strong spin fluctuations probably play an
important role in tuning Tc.
Nuclear magnetic resonance (NMR) has been pivotal

in studies of iron-based superconductors22–27 as well
as in studies of systems close to the quantum critical
point28–31. Here, we employ 89Y NMR to probe the nor-
mal state of YFe2GexSi2−x compounds. Data is con-
sistent with the intralayer ferromagnetic and interlayer
antiferromagnetic spin fluctuations. YFe2GexSi2−x is
thus laying close to the quantum critical point – the
c/a ratio acts as a control parameter to tune the mag-
netism. Therefore, in tetragonal Fe-based structures with
c/a ∼ 2.5, such as YFe2GexSi2−x and CTP of KFe2As2
or SrCo2(Ge1−xPx)2

32, even small perturbations, such
as the Fe interstitial or antisite defects discovered in this
work, can have a profound effect on the adopted state.

II. EXPERIMENTAL METHODS

A. Sample preparation and characterization

Polycrystalline samples with nominal composition
YFe2GexSi2−x (x = 0.20, 1 and 2), were synthesized
by melting stoichiometric amounts of Y, Fe, Si and Ge
(all of at least 99.9% purity) in an arc furnace under
high-purity Ar atmosphere. All arc-melted buttons were
flipped and re-melted several times to ensure homogene-
ity. The samples were annealed at 850 ◦C for ∼ 100 h
and then quenched into liquid nitrogen. Polycrystalline
samples were structurally and chemically characterized
by a Panalytical X’pert powder x-ray diffraction (XRD)
diffractometer. XRD patterns were successfully indexed
on the basis of body-centered tetragonal I4/mmm-type
structure. The lattice parameters previously reported in
Ref. 16 are: a = 3.926(1), 3.939(1), 3.966(1) Å and
c = 9.974(1), 10.10(1), 10.43(1) Å for x = 0.20, 1 and
2, respectively. The larger Ge size causes both a and c
lattice constants to systematically increase with x. As a
result, the ratio c/a also smoothly increases with x from
2.54 to 2.63.
Samples were additionally checked for their electrical

resistivity properties. The resistivity of YFe2Ge2 sample
was measured with a conventional four-lead technique us-
ing the LR-700 ac resistance bridge between room tem-
perature and 1.2 K. The electrical resistivity, ρ(T ) mono-
tonically decreases with decreasing temperature, which is
consistent with its metallic nature. The residual resistiv-
ity ratio (RRR), is RRR = 19, 8.3 and 8.8 (295/1.3 K)
for x = 2, 1 and 0.2 samples, respectively.16 We note at
this point, that according to Ref. 15, YFe2Ge2 samples
with RRR≈ 20 show superconductivity below ∼ 1.3 K,
whereas the full resistive transitions with Tc = 1.8 K were
observed in most samples with RRR values exceeding 20.
Finally, magnetization measurements in the temper-

ature interval 4.5 K < T < 350 K at various applied
fields have been performed using the commercial (Quan-

tum Design) superconducting quantum interference de-
vice (SQUID) magnetometer and were previously re-
ported in Ref. 16. Prior to recording the zero-field-cooled
(ZFC) curves, the magnetometer was adjusted to be in a
true H = 0 state. The magnetization of YFe2Ge2 shows
a pronounced peak at 75 K (in YFe2GeSi sample this
peak is pushed to lower temperatures),16 probably origi-
nating from some ferromagnetic impurity in our samples.
We emphasize at this point, that such parasitic ferromag-
netic impurities do not interfere with the 89Y NMR spec-
tra of the dominant YFe2GexSi2−x phase, because NMR
is a local probe technique.

B. NMR measurements

For NMR measurements the samples were crushed to
fine powders. The 89Y (nuclear spin I = 1/2) NMR
spectra and the spin-lattice as well spin-spin relaxation
rates were measured between 5 and 300 K in a mag-
netic field of 9.4 T. 89Y NMR shifts are determined rel-
ative to the Larmor frequency 89νL = 19.596 MHz, de-
fined by a Y2O3 reference standard. For the 89Y NMR
line shape measurements, a Hahn-echo pulse sequence,
π/2−τ−π−τ−echo, was employed, with a pulse length
tw(π/2) = 11 µs and an interpulse delay τ = 60 µs. The
complete polycrystalline NMR spectrum was obtained
by summing the real part of spectra measured step-by-
step at resonance frequencies separated by ∆ν = 25 kHz.
Both, the inversion-recovery and the saturation-recovery
pulse sequences were used for the spin-lattice relaxation
rate measurements.

III. RESULTS AND DISCUSSION

The 89Y NMR spectrum of YFe2Ge0.2Si1.8, taken at
T = 300 K, shows a single line with a characteristic pow-
der pattern of an axially symmetric shift anisotropy (Fig.
1b). Excellent fitting of the spectrum is achieved with
the isotropic part of the shift Kiso = (2K⊥ + K||)/3 =
−0.222% and the shift anisotropy δK = K⊥ − K|| =
0.174% (K⊥ and K|| are the two principal values of

the 89Y NMR shift tensor K). In general, the 89Y
NMR shift has two main contributions: the temperature-
independent chemical shift and the hyperfine shift. If
the dominant contribution to K arises from the hyper-
fine, most likely transferred hyperfine, interactions of
89Y with itinerant charges of the Fe(Si,Ge) layer, then
from the expression Kiso = aiso

NAµB
χ (NA and µB are

the Avogadro number and the Bohr magneton, respec-
tively) we estimate the isotropic hyperfine constant to
be aiso = −6.8 kOe/µB. This is larger than that in,
e.g., YBa2Cu3O7−y high-Tc superconductors34,35, by a
factor of ∼ 4, implying strong coupling of the yttrium
layer to the itinerant charges in the electronically ac-
tive Fe(Ge,Si) layer and consistent with a more three-
dimensional band structure14. The major uncertainty in
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FIG. 1. (color online). (a) The body-centered tetragonal
crystal structure of YFe2GexSi2−x (space group I4/mmm).
Here small gray, large blue and large pink spheres represent Y,
Ge/Si and Fe atoms, respectively. (b) The 89Y NMR spectra
(thick violet lines) of polycrystalline YFe2Ge0.2Si1.8 samples
at selected temperatures. Solid black line is a fit to uniaxial
shift anisotropy. (c) Temperature dependence of 89Y NMR
shift, Kiso (circles). Solid line is a fit to Eq. (1). (d) Semi-
log plot of Kiso vs. T 2 ln(T/T ∗) reveals a straight line thus
corroborating intra-plane ferromagnetic correlations.

determining aiso comes from the unknown precise value
of the temperature independent chemical shift, which
due to the small temperature variations in magnetic sus-
ceptibility and the presence of ferromagnetic impurities
cannot be reliably determined even from the standard
Clogston-Jaccarino plots. We will return to the question
of chemical shift latter in connection to the Korringa re-
lation where we estimate it to be ∼ 0.25%, which leads
to aiso = −11.6 kOe/µB.

On cooling the 89Y NMR spectra retain their axially
symmetric shift anisotropy lineshape at all temperatures
(Fig. 1b). The 89Y NMR line first shifts slightly to even
more negative values of Kiso but then the trend suddenly
reverses below ∼200 K and the shift, and thus also the
local spin susceptibility probed by 89Y, is significantly
reduced compared to the room temperature value. The
shift anisotropy follows the same trend, e.g., the most
shifted spectrum at Tmax = 200 K also has the largest
δK. The absence of any significant broadening of 89Y
NMR spectra down to T = 20 K clearly rules out long-
range magnetic ordering in YFe2Ge0.2Si1.8.

Kiso thus has a pronounced minimum (or a maximum
|Kiso|) at Tmax (Fig. 1c), which is marking a maximum
in the local spin susceptibility probed by 89Y. Such de-
pendence is markedly different from the monotonic (fre-
quently addressed as a pseudo-gap-like) dependence ob-
served in the iron-pnictide family22–27. Moreover, such
non-monotonic dependence of χ also strongly deviates

from a simple Pauli paramagnetism in metals and is sug-
gestive of spin correlations. The corrections to the tem-
perature dependence of the spin susceptibility of normal
paramagnetic metals in the presence of ferromagnetic
spin fluctuations have been a subject of intense theoreti-
cal discussions36–39. The maximum in χ(T ) is predicted
when the spin susceptibility is given by

χ(T ) = χ(0)− bT 2 ln(T/T ∗) , (1)

where χ(0) is the Pauli spin susceptibility (which is
modified by enhancement factor S) and T ∗ reflects the
cutoff energies, whereas prefactor b is also strongly de-
pendent on the enhancement factor, i.e., b ∝ S4. If
we insert Eq. (1) into the expression for Kiso and
use aiso = −11.6 kOe/µB, we obtain a high χ(0) =
1.5(1)·10−3 emu/mol, b = 3.6(2)·10−7 emu/(mol K2) and
T ∗ = 351(2) K. The agreement with the model is further
demonstrated on a semi-log plot of Kiso vs T 2 ln(T/T ∗),
where all experimental points fall on a straight line (Fig.
1d), thus giving a support for the intra-plane ferromag-
netic fluctuations in YFe2Ge0.2Si1.8. However, the high
Sommerfeld ratio γ ∼ 100 mJ/(molK2)15 suggest that
both heat capacity and spin susceptibility are enhanced
by the same factor of ∼ 10 compared to their unrenor-
malized values, meaning that the Wilson ratio χ0/γ is of
the order of 1, which would not appear to support the
nearly ferromagnetic state.
Partial or complete replacement of Si with Ge

yields isostructural YFe2GeSi and YFe2Ge2 composi-
tions. Compared to YFe2Ge0.2Si1.8, the

89Y NMR spec-
trum of YFe2GeSi is significantly broader and shifted to
even lower resonance frequencies (Fig. 2a). The broad-
ening is attributed to the effects of local site disorder
introduced by a random Si and Ge occupancy of 4e crys-
tallographic positions. On the other hand, since it is
unlikely that the structural and electronic modifications
within the Fe(Ge,Si) layer would considerably affect the
values of 89Y hyperfine constant aiso the observed mono-
tonic increase of the 89Y shift with increasing Ge content
can only reflect the enhancement of local spin suscepti-
bilities. The 89Y NMR spectrum of YFe2Ge2 (Fig. 2b)
is shifted even more, thus implying even larger local spin
susceptibilities probed by 89Y NMR.

89Y NMR spectra retain their axially symmetric shift
anisotropy lineshape at all temperatures (Fig. 2), hence
indicating that there is no structural phase transition be-
tween 300 and 15 K that would reduce the 89Y 2a site
symmetry in either sample. Compared to YFe2Ge0.2Si1.8,
the temperature Tmax, where Kiso reaches its minimum
(maximum in |Kiso|), is systematically reduced with in-
creasing Ge content (Fig. 3a), i.e. to ∼ 100 K and∼ 70 K
in YFe2GeSi and YFe2Ge2 samples (inset to Fig. 3b), re-
spectively. Moreover, fitting of the temperature depen-
dences of Kiso to Eq. 1 is no longer satisfactory. Even
extensions of a model to include effects of impurities39,
i.e., χ(T ) = χ(0) − bT 2 ln[(T + Timp)/T

∗], where Timp

is related to the effects of the finite mean free path on
the spin fluctuations, do not improve the quality of the



4

0

1

2
270 K

b

0

1

2

S

S

YFe2Ge2YFe2GeSi
270 K

a

0

1

2

In
te

ns
ity

 (a
rb

. u
ni

ts
)

110 K

0

1

2

In
te

ns
ity

 (a
rb

. u
ni

ts
)

100 K

-1.5 -1.0 -0.5 0.0
0

2

4

- 0 (%)

23 K

-1.5 -1.0 -0.5 0.0
0

1

2

- 0 (%)

15 K

FIG. 2. (color online). 89Y NMR spectra of (a) YFe2GeSi and
(b) YFe2Ge2 shown for some selected temperatures. Thick
lines represent the experimental data, while thinner solid lines
are lineshape fits. The label S marks the position of additional
strongly shifted 89Y line attributed to those Y ions, which
couple to localized moments. These moments are associated
with the Fe creating antisites or interstitial defects.

fit. Contrary to YFe2Ge0.2Si1.8, the
89Y NMR spectra

remain broad when |Kiso| is reduced at low temperatures
(e.g., compare the spectra of YFe2Ge2 measured at 110
and 23 K in Fig. 2b). This is indicative of the growth
of local magnetic fields at 89Y sites probably originating
from the short-range static magnetic correlations that
begin to develop in a high magnetic field of 9.34 T at
low temperatures. It should be noted that |Kiso| is sup-
pressed at the lowest temperatures, which necessitates
that correlations between the Fe(Si,Ge) layers are of an-
tiferromagnetic nature.

Another peculiarity of the YFe2Ge2 sample is a pro-
nounced shoulder in the 89Y NMR spectra, which on
cooling develops into a separate resonance with an ex-
tremely large shift (Fig. 2b). This spectral compo-
nent is absent (or at least much weaker) in the other
two compounds. Since all three studied samples grow in
the same space group with a single crystallographic Y
site, there is no obvious reason for a separate 89Y NMR
line in this case. The intensity of this signal is about
20% of the total 89Y NMR signal so it cannot be sim-
ply attributed to some extrinsic ferromagnetic impurity
phase, leading us to the conclusion that it must be in-
trinsic to YFe2Ge2. The temperature dependence of the
shift (Fig. 3b) follows a perfect Curie-Weiss behaviour,
i.e. Ks

iso = K0 + C/(T − T0) with K0 = −1890 ppm,
C = −0.89 K and T0 = −48 K, thus associating this
signal with 89Y sites located close to some localized mo-
ments. This notion is further supported by the mea-
surements of the spin-lattice relaxation rate, 1/T1, which
is, for this component, nearly temperature independent
(Fig. 4a). To explain the presence of localized param-
agnetic impurities, we refer here to a common feature
also frequently encountered in iron-pnictide and iron-
chalcogenide samples26,40,41, i.e., that some of the Fe cre-
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pendences of the isotropic part of the 89Y NMR shifts Kiso
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resonance (circles), with the signal intensity of about 20% of
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pendence (solid line). Inset: The dependence of temperature
Tmax, i.e., the temperature where |Kiso| has a maximum for
the YFe2GexSi2−x family, on the c/a ratio (solid circles). The
open circle represents TN = 9 K of LuFe2Ge2

9.

ates antisites (Fe occupying Ge/Si sites) or interstitial
defects (Fe occupying crystallographic interstitial sites
between Y and Ge layers). Due to the large magetic
moment of such localized Fe defects, a strong hyperfine
field with a Curie-Weiss-like dependence is anticipated
on the nearest neighboring 89Y sites, in agreement with
the experiment. We note that the presence of such lo-
calized moments may account for the variations in RRR
between different samples and provide a very efficient
channel for magnetic impurity pair-breaking effects, thus
explaining the large variation in Tc for different YFe2Ge2
samples12,15–17.

Strong quantum spin fluctuations are usually responsi-
ble for a characteristic power-law dependence of the spin-
lattice relaxation rate, 1/T1, i.e., 1/T1T ∝ T−n with
n = 3/4.28–31 However, for YFe2GexSi2−x, the respec-
tive 89Y spin-lattice relaxation rates divided by temper-
ature, 1/T1T , do not show such dependence (Fig. 4a).
A detailed analysis of the contributions of different q-
dependent spin fluctuations to the 89Y spin-lattice relax-
ation would require also a detailed information about the
89Y hyperfine tensor. Moreover, much of the information
about the resulting anisotropy in 1/T1 is lost in measure-
ments on powder samples. However, even the discussion
of the simple Korringa relaxation relation25 may hold
important clues about the dominant type of spin fluctu-
ations observed at the 89Y site. In connection to that we
note that for YFe2Ge0.2Si1.8 the temperature dependence
of 1/T1T resembles that of Kiso, i.e., it exhibits a broad
maximum at ∼ 200 K. When the electron-electron ex-
change enhancement effects are important, the Korringa
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FIG. 4. (color online). (a) Temperature dependences of 89Y
spin-lattice relaxation rates 1/T1T for YFe2GexSi2−x sam-
ples. (b) Test of the Korringa relation for YFe2GexSi2−x

samples by plotting
√

1/T1T vs. Kiso with temperature as
an implicit parameter. The solid black line is the Korringa
relation (Eq. 2) yielding the Korringa factor β = 8.7. (c) The
decay of echo signal intensity as a function of interpulse delay
time τ measured in YFe2Ge2 at T = 40 K. The solid line is a
fit with α = 1.65 (see text for details). (d) Temperature de-
pendences of Gaussian spin-spin relaxation rates 1/T2G. Solid
red line is a fit for YFe2Ge2 to a low-temperature power-law
T−n dependence with n = 2.9(1). The labeling of different
samples is provided in insets.

relation reads42

T1TK
2
iso =

h̄

4πkB

γ2
e

γ2
89

β . (2)

Here γe and γ89 are the electronic and 89Y gyromag-
netic ratios, respectively. The Korringa factor β is intro-
duced to account for the electron-electron exchange in a
strongly correlated metal42. Plotting

√

1/T1T vs. Kiso,
we find the expected linear dependence (Fig. 4b) yield-
ing β = 8.7, with line intercepting the horizontal axis
at 0.25%. Moreover, adding to the same plot also the
data from the YFe2GeSi sample, then the data points
from both samples fall on the same line, thus strength-
ening our estimate of β and placing 0.25% as a reliable
estimate of the chemical shift. Such enhancement in β is
consistent with the previously established intra-plane fer-
romagnetic spin fluctuations. The spin-lattice relaxation
rates of YFe2Ge2 are even more enhanced, nearly tem-
perature independent (Fig. 4a) and do not scale with the
temperature dependent K2

iso (Fig. 3a), giving indications
for a Fermi-liquid breakdown for this sample.
In the BaFe2As2 family, where the coexistence of the

intra-plane ferromagnetic and stripe-type antiferromag-
netic spin correlations was recently reported23,27, 1/T1T
increases with decreasing temperature, because of the
contribution of the dynamic spin susceptibility at the an-

tiferromagnetic wave-numberQ, which increases with de-
creasing temperature. Since such characteristic enhance-
ment is not observed in our 1/T1T data, we conclude
that for the YFe2GexSi2−x family the intra-plane ferro-
magnetic fluctuations prevail over the intra-plane stripe-
type antiferromagnetic fluctuations at all temperatures.
However, since the temperature dependence of Kiso at
the lowest temperatures indicate also antiferromagnetic
correlations, this brings us to the antiferromagnetic cou-
pling between layers, which was initially found in the
first principle calculations13,14,18 and in the antiferro-
magnetic ordering of the sister LuFe2Ge2 compound9.
The inter-plane antiferromagnetic spin fluctuations are
in the 1/T1T data, however, filtered out at the highly
symmetric yttrium position. To address antiferormag-
netic correlations between layers we finally turn to 89Y
spin-spin relaxation rates, 1/T2. We first fitted the en-
velope of the echo decay S(τ) as a function of the in-
terpulse delay time τ to a phenomenological expression
S(τ) = S0 exp[−(2τ/T2)

α] (Fig. 4c). Here S0 is the
initial echo intensity signal, whereas the parameter α ex-
presses the relative contributions of the Redfield and the
Gaussian parts of the echo decay42,43. We obtain α ≈ 1.6,
showing that both relaxation channels are present and
comparable. Therefore, in the next step we employed
the procedure of Ref. 43 to extract the Gaussian part
of the decay, T2G. As anticipated, 1/T2G is constant at
high temperatures for all samples (Fig. 4d). However,
at low temperatures, 1/T2G nearly diverges for YFe2Ge2
and YFe2GeSi, whereas it is only slightly enhanced for
YFe2Ge0.2Si1.8. Below 100 K, 1/T2G for YFe2Ge2 is
fitted to 1/T2G = 1/T 0

2 + BT−n with a power expo-
nent n = 2.9(1). This is reminiscent of cuprates, where
the Gaussian contribution to the echo decay is propor-
tional to the antiferromagnetic correlation length ξ, i.e.,
1/T2G ∝ ξ42–45. The low-temperature enhancement in
1/T2G thus corroborates the growth of antiferromagnetic
correlations between Fe(Ge,Si) layers and suggests that
the Ge-rich samples are in the vicinity of an antiferro-
magnetic quantum critical point.

IV. CONCLUSIONS

The YFe2GexSi2−x family displays ferromagnetic fluc-
tuations within the Fe(Ge,Si) layers and antiferromag-
netic correlations between layers. These latter grow in
importance with x → 2, thus implying that with the in-
troduction of slightly larger Ge ions, the change in the
c/a ratio (c/a = 2.54, 2.56 and 2.63 for x = 0.2, 1 and2
samples, respectively) is sufficient to strengthen the inter-
layer coupling. The trend is in agreement with the long
range antiferromagnetic order below 9 K in LuFe2Ge2
(c/a = 2.66)9 and the smooth suppression of TN in
Lu1−xYxFe2Ge2 as Y partially replace Lu.11 YFe2Ge2
is close to the antiferromagnetic quantum critical point
(inset to Fig. 3b). We stress that a similar Ge-Ge
bonding strength acting as a tuning parameter to in-
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duce the quantum critical point has been reported for
SrCo2(Ge2−xPx)2, which likewise belongs to the same
layered tetragonal ThCr2Si2 structure type32. When a
quantum critical point separates the magnetic and super-
conducting phases, even small perturbations introduced
by defect localized moments, such as those reported
here, may have a profound effect on the ground state.
Although there is no NMR data available for a com-
parison with the high-pressure CTP phase of KFe2As2,
our results suggest some important differences, most no-

tably ferromagnetic intra-plane fluctuations, in the nor-
mal state of YFe2GexSi2−x compared to that of the su-
perconducting iron-pnictides. It is therefore unlikely that
superconductivity in YFe2Ge2 follows the same scenarios
as those discussed for iron-pnictides6.
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Christianson, D. Mandrus, D. J. Singh, and N. Mannella,
Phys. Rev. B 91, 121102 (2015).

21 J. Ferstl, H. Rosner, and C. Geibel, Physica B 378 – 380,
744 (2006).

22 G. R. Stewart, Rev. Mod. Phys. 83, 1589 (2011).
23 D. C. Johnston, Adv. Phys. 59, 803 (2010).
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