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Fig. 1. Phase diagram of BaFeaAsy with hole and electron doping. AF and SC represent antiferromagnetically

ordered and superconducting states, respectively. Ty is the nematic structural phase transition temperature.
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Fig. 2. The solid

squares designate the Neel temperature Ty determined by

Phase diagram of Baj_,K;FeaAss.

NMR measurements, and the other data points for Ty are
from Ref. [14] and [26]. The circles indicate superconduct-
ing transition temperature T, determined from suscepti-
bility measurements. AF and SC represent antiferromag-

netically ordered and superconducting states, respectively.
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Fig. 3. "®As NMR spectra above and below Ty for (a)
H//c and (b) H//a, respectively. The vertical axis for
the T = 100 K spectra is offset for clarity. (a) The blue

dashed curve and the red dotted curve are the simulated

two sets of spectra that are split by the internal magnetic
field, and the black curve is the sum of the two sets of
spectra. The short lines designate peak positions. (b)
The straight dashed lines designate peak positions of the
T = 100 K spectrum.
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Fig. 4. The effective magnetic field (H°) at the As-sites, with the external field (Ho) applied along the

c-axis (a) and the a-axis (b), respectively.
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Fig. 7. NMR spectra with different doping and temperature dependence of 1/T7. 7> As-NMR spectra were obtained by

sweeping the frequency at a fixed external field Hp = 11.998 T applied along the ¢ axis. (a) The spectra above and
below T = 74 K for x = 0.05. Solid, dashed and dotted lines indicate the position of the central transition, left-and

right-satellites, respectively, when an internal magnetic field develops; (b) the spectra above and below T = 48 K for

z = 0.07. The red curve represents the simulations by assuming a Gaussian distribution of the internal magnetic field.

The black arrow indicates the position at which 77 was measured below Tx; (c) the central transition line at and below
Te for x = 0.10. The spectrum shift at 7" = 1.89 K is due to a reduction of the Knight shift in the superconducting
state; (d) the temperature dependence of 1/T; for = 0.07. The solid and dashed lines show the T3- and T-variation,

respectively. The solid and dashed arrows indicate T, and T, respectively. The error bar in 1/7 is the standard

deviation in fitting the nuclear magnetization recovery curve.
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Abstract

In the past several decades, quantum phase transition and the associated fluctuations have emerged as a major
challenge to our understanding of condensed matter. Such transition is tuned by an external parameter such as pressure,
chemical doping or magnetic field. The transition point, called quantum critical point (QCP), is only present at absolute
zero temperature (T), but its influence (quantum criticality) is spread to nonzero temperature region. Quite often,
new stable orders of matter, such as superconductivity, emerge around the QCP, whose relationship to the quantum
fluctuations is one of the most important issues.

Iron-pnictide superconductors are the second class of high-temperature-superconductor family whose phase diagram
is very similar to the first class, the copper-oxides. Superconductivity emerges in the vicinity of exotic orders, such as
antiferromagnetic, structural or nematic order. Therefore, iron-pnictides provide us a very good opportunity to study
quantum criticality. Here we review nuclear magnetic resonance (NMR) study on the coexistence of states and quantum
critical phenomena in both hole-doped system Baj_,K,FesAsy as well as electron-doped systems BaFea_;Niz Ase and
LaFeAsO,_,F,. Firstly, we found that the > As NMR spectra split or are broadened for H //c-axis, and shift to a higher
frequency for H//ab-plane below a certain temperature in the underdoped region of both hole-doped Baj_.K;FesAso
and electron-doped BaFes_,NizAss, which indicate that an internal magnetic field develops along the c-axis due to
an antiferromagnetic order. Upon further cooling, the spin-lattice relaxation rate 1/77 measured at the shifted peak
shows a distinct decrease below the superconducting critical temperature Tc. These results show unambiguously that the
antiferromagnetic order and superconductivity coexist microscopically, which is the essential condition for a magnetic
QCP. Moreover, the much weaker T-dependence of 1/T} in the superconducting state compared with the optimal doping
sample suggests that the coexisting region is an unusual state and deserves further investigation. Secondly, we conducted
transport measurements in electron-doped BaFes_;Ni, Ass system, and found a T-linear resistivity at two critical points.
One is at the optimal doping 2.1 = 0.10, while the other is in the overdoped region xzc2 = 0.14. We found that 1/7} is
nearly T-independent above Tt at x.1 where T = 0, which indicates that x.; is a magnetic QCP and the observed T-
linear resistivity is due to the quantum fluctuation. We find that 1/74 close to the optimal doping in both Ba; K, Fes Aso
and LaFeAsO:1_,F; also shows a similar behavior as in BaFea_,;NizAse. The results suggest that superconductivity in

these compounds is strongly tied to the quantum antiferromagnetic spin fluctuation. We further studied the structural
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transition in BaFes_;Niz Aso by NMR. Since the a-axis and b-axis are not identical below the nematic structural transition
temperature T, the electric field-gradient becomes asymmetric. Therefore the NMR, satellite peaks associated with
nuclear spin I = 3/2 of " As split for a twinned single crystal, when the external magnetic field is applied along a- or
b-axis. We were able to track the nematic structural transition up to x = 0.12. The T extrapolates to zero at z = 0.14
which suggests that z.2 is a QCP associated with a nematic structural phase transition and the T-linear resistivity at xq2
is therefore due to the QCP. No existing theories can explain such behavior of the resistivity and we call for theoretical

investigations in this regard.

Keywords: nuclear magnetic resonance, iron-based superconductor, spin fluctuations, quantum critical

phenomena
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