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Superconductivity in Fe-Pnictides — Discovery
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Superconductivity in Fe-Pnictides — Family
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Superconductivity in Fe-Pnictides — Family
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Phase Diagram

Parent compounds
Structural transition (7s) & AFM transition (Tn)
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The magneto-structural transition is suppressed by doping or applying pressure.
Superconductivity in a close proximity to magneto-structural order.



Phase Diagram

Understanding the underlying physics of spin/orbital
&
Its connection to the superconductivity is particularly important.




Phase Diagram

Parent compounds
Structural transition (7s) & AFM transition (Tn)
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Theoretical approach: Itinerant Picture

Fermi Surface
Five-fold degenerate Fe 3d orbitals participate: XZ/YZ, XY, 3Z%-R?, X>-Y?

—) Multiband electronic structure with
well-separated hole and electron sheets
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Phys. Rev. Lett. 100, 237003 (2008). K. Kuroki et al., New J. Phys. 11, 025017 (2009).



Theoretical approach: Localized Picture

Frustration between J1 and J2 and its
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Nematic & Smectic
in Liquid Crystals

E. Fradkin et al., Science 327, 155 (2010). (Wikipedia)



Experiments Suggesting the Electronic Nematic State

Resistivity J. Chu et al. Science (2010). ARPES M.Yietal, PNAS (2011).
Ba(Fe0_975C00_025)A52
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Questions on the Electronic Nematic State

1. Intrinsic?

2. Thermodynamic phase?

4 - . New ®
Electronic Nematic

and Superconductivity?

3. Connections to the Magneto-Structural transition

\_

Ultra-Precise Torque Magnetometry
&

Single Crystalline Synchrotron XRD

/




Experiment 1: Magnetic torgue measurements

T = oMV x H| Micro-piezoresistive cantilever

M, = i Very high sensitivit |:torque 5x1012 e.m.u.
Zj:* i y i Y L'soub 108 em.u.
7. magnetic torque (at “OH:4T)

V: sample volume : : :
M: magnetization Change in the piezoresistance

H: applied Field mmmm)> Magnetic Torque
Thermodynamic Quantity

Piezoresistive cantilever
Torque
T = oM x H
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Experiment 1: Magnetic torgue measurements
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Field Rotation within the ac-plane | Field Rotation within the ab-plane
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Experiment 1: Magnetic torque measurements

Preserved tetragonal symmetry
Xaa = Xobr Xab = 0 ‘ TZ(]) =0

T ’ Preserved C, Symmetry

/2
Broken rotational symmetry

Xaa # Xob» O Xap # 0 ‘ Dy 7 0
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Field Rotation within the ab-plane

1 , Ca ,_
Pog = S0V [(Xaq = X) 526 — 2 c0520]

Direct probe of the In-plane Anisotropy without detwining




Experiment 1: Magnetic torgue measurements

= 1oMV xH

M; = ZXinj . -
F We can rotate H continuously within the ab plane

7: magnetic torque with a misalignment less than 0.02 deg.
V: sample volume

M: magnetization
H: applied Field

Vector magnet and mechanical rotator system

Thermodynamic Quantity




Experiment 2: Single Crystalline Synchrotron XRD

Electron gun
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Experiment 2: Single Crystalline Synchrotron XRD
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Equipped with a large cylindrical image-plate camera

Higher order peaks (7 7 0);or (8 8 0); -60 deg < 20< 145 deg

Sensitive experiments to the orthornombic distortions.



System: BaFe,(As,_P,)-
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Data are omitted because they are unpublished.



