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The discovery of superconductivity in LaFeAsO;_Fx in 2008 opened up a new field in
superconductivity research. Now, many types of new iron-based superconductors have been
fabricated. Iron based superconduéfors have high critical temperature T, it is as high as
cuprate superconductors, so it has attracted many researchers for its promising applications.
Now studies focus on the mechanism of superconductivity of this family, but the key
parameter mediating the superconducting state is not clear yet. In this system
superconductivity is induced either by chemical substitution or the application of pressure.
On the mechanism of superconductivity, it has been argued about the role of structural and
magnetic fluctuations as mediating parameters of superconductivity. Among all iron-based
superconductors with different crystal structures, Ba(Fe;xCox)2As; is suitable for basic
research, because it can provide large single crystals. The parent compound BaFe,;As; of
this system shows stripe magnetic order with a structural change from tetragonal to
orthorhombic. If a system encounters with the structural phase transition, elastic constant is
a suitable probe for investigating of the neighboring structural ordering.

At first, I have reported elastic properties of iron-based superconductors
Ba(Fe;xCox)2As;, and found the structural fluctuation in Ceg associated with the structural
(Ts) and magnetic phase transitions (7). Our results suggested the importance of orbital
fluctuation in the emergence of superconductivity. Starting from our reports, many

researchers have discussed the superconductivity based non the orbital fluctuations. On the



other hand, the structural fluctuation leads to an in-plane order, and it possesses
two-dimensional nature. However, an order is hard to occur in two-dimensional systems, so
three-dimensionality is necessary for the occurrence of ordering. Next, in my thesis, I
have focused my attention on the three-dimensional character of this system. In our
experimental tool, ultrasonic measurement, the corresponding elastic strain modulates
physical quantities along c-axis through the elongation and contraction of the inter-layer
spacing. So by examining the corresponding elastic constant Ci3, I can obtain the
three-dimensional character of this system.

Our results show that the elastic anomaly Cs; due to the inter-layer fluctuation is
enhanced near the QCP (Quantum Critical Point). We have studied it by means of electrical
resistivity, heat capacity, and ultrasonic attenuation in addition to elastic constant Cs3. It is
obvious from my results that the three-dimensional properties of Bal22 possibly originated
from the magnetic character of this system. My findings about the correlation of C3; with
T, as well as the in-plane fluctuation appearing in Cg¢ would highlight the roles and
relations of the orbital and magnetic fluctuations in the emergence of superconductivity.

Finally, I will report the elastic properties of Rh;7S;s, which shows vary similar elastic
behavior to those of iron-based superconductor. Then I will discuss the universality and

particularity in elastic properties of superconductors.
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