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Fe-based superconductors

* Common Structural Parameter: FeAs, tetrahedra

* Common Electronic Parameter: Spin-Density Wave (SDW) magnetic instability.

a “‘“ b
sss ¢eN ¢
o0 e 99 '@ & o0 o
0

%%
e® ¢ .0
®e e

. H P
LFeAs . Q’ . v ‘ E §
Srre,As, . C .T‘ _____ - ﬁ’ c

® ¢
. ! § o & o' g
‘0

@

LaFeAsOQ/
SrFeAsF

e .#

J. Paglione and R. L. Greene. Nature Physics 6, 645 (2010).
Sry5¢,0.Fe,As,

Thursday, October 9, 2014



Good sample quality;

Variety of compounds.

Thursday, October 9, 2014



Good sample quality;

Variety of compounds.

Y. Liu et al. Physica C: Superconductivity, 470, 1 (2010).
P. L. Alireza et al. J. Phys.: Condens. Matter. 21, 1 (2009).
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How one can relate Fe-based superconductors to
other unconventional superconductors?

P. G. Pagliuso et al. Physica B 312-313 (2002); G. Knebel et al. J. Phys. Soc. Japan 77 114704 (2008)
N. Yamada and M. Ido. Physica C 203, 240 (1992).

Thursday, October 9, 2014



How one can relate Fe-based superconductors to
other unconventional superconductors?

Ce — Ce
a) 85" l‘ © Ccf/E b)"‘
D @
\/‘f'\,' Y | 1
Heavy oy o 9= ;-
i ’ 2
Fermions &L "o | Z
() - -
P L Y ¢ ¥ 2
Rl ! .
(d-wave) 1T & | (== &
e in |
{n, - 3
¢ | o '
o & |
) Y |
DA Vo : : -
= = Ce Co 0.5 Rh 0.5 Ir 0.5 Co
CeMln5 X

P. G. Pagliuso et al. Physica B 312-313 (2002); G. Knebel et al. J. Phys. Soc. Japan 77 114704 (2008)
N. Yamada and M. Ido. Physica C 203, 240 (1992).
Thursday, October 9, 2014




How one can relate Fe-based superconductors to

other unconventional superconductors?
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Structural Stmilarities

* Heavy Fermions and Cuprates
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Single crystal growth by the metallic-flux

technique
Quartz tube Tmax tmax
r
Quartz Wool 200°C/h
Al,O3 crucible
— Flux Room-T
— Single Crystals

* Low melting point elements (Al, Ga, In, Sn, Pb, Sb e Bi): low temperature
of synthesis, well-defined morphology.

Z. Fisk and J. P. Hemeika. Handbook on the Physics and Chemistry of Rare Earths, Vol. 12 (1989). c
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Single crystal growth by the metallic-flux

technique
/\n— Quartz tube Tmax tmax
r
& e Quartz Wool 200°C/h
Al2O3 crucible
— Flux Room-T
— Single Crystals

* Low melting point elements (Al, Ga, In, Sn, Pb, Sb e Bi): low temperature
of synthesis, well-defined morphology.

* Current disadvantages: Sn-incorporation and possible non-stoichiometric
122 compounds using self-(FeAs-) flux.

Z. Fisk and J. P. Hemeika. Handbook on the Physics and Chemistry of Rare Earths, Vol. 12 (1989). c
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Indium flux —» BaFe,As»
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Indium flux —» BaFe,As»
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Macroscopice Properties and NMR
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Macroscopice Properties and NMR
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Macroscopice Properties and NMR
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BaFe>.«MxAs; : higher critical temperatures
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BaFQZ-XMxASZ 3
Te-enhancement

under pressure
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BaFez-XMXAsz :
Te-enhancement
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BaFez-XMXAsz :
Te-enhancement

under pressure
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BaFez-XMXAsz :
Te-enhancement

under pressure
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Microscopic Properties: Evolution of the FeAs distance

# X-Ray Absorption Spectroscopy
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Microscopic Properties: Evolution of the FeAs distance

* EXAFS in the As K edge in transmission mode:
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Microscopic Properties: Evolution of the FeAs distance

* EXAFS in the As K edge in transmission mode:
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Microscopic Properties: Evolution of the FeAs distance

* EXAFS in the As K edge in transmission mode:
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Microscopic Properties: Evolution of the FeAs distance

* Decrease of d(Fe-As) also with applied pressure.
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Microscopic Properties: Evolution of the FeAs distance

* Decrease of d(Fe-As) also with applied pressure.
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Microscopic Properties: Fe Valence (XANES)

* Is Cobalt an etfective carrier doping?
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Microscopic Properties: Fe Valence (XANES)

* Is Cobalt an etfective carrier doping?
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Microscopic Properties: Fe Valence (XANES)

* Is Cobalt an etfective carrier doping?
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Electron spin resonance (ESR):
Relaxation Mechanism 1in Metals
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Electron spin resonance (KSR): 7~ A ..
Relaxation Mechanism in Metals 9 -
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Electron spin resonance (KSR): 7~ A ..
Relaxation Mechanism in Metals 9 -
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Magnetic Series BaixEuxFe>As
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Magnetic Series BaixEuxFe;As
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Eu?* ESR Analysis

ESR Signal (arb. units)
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Importance of the Crystal Field
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Importance of the Crystal Field
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Decreasing Korringa
|

_3d Fe bands are more anisotropic (less s-like) and
|« . are, in average, further away from the Eu site, i.e.,
the planar orbital character xy /x?>-y? increases!
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Decreasing Korringa
|
_3d Fe bands are more anisotropic (less s-like) and

|« . are, in average, further away from the Eu site, i.e.,
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TABLE I: Comparison between the SdH frequencies of Bal22 and Eul22 obtained experimentally in this work.

|

;. 1l BaFe; As, EuFe;As;

Pocket]| F(T) [A/Asz (%) |m" /mmper/me | R]To )]  F(T)  [A/Asz] m'/mi [mper/m: R[To
~ |l 90(10) 0.3 0.7(2) | 04 [2.1] 5(2) 60(10) | 0.2 1.0(2) 04 |12] -
a |430(10)] 14 1.5(2) | -08 [21] 4(1) |340(10)/380(10)| 1.3 [1.5(2)/1.9(2)| -0.8 |1.4|4(D)|
§ |51000) 1.7 | 1.2 |os8| 31) 580(10) 1.4 1.7 0.5/3(1))

TABLE II: Comparison between the SdH frequencies of Bal22 obtained experimentally in refs. [21, 22)

BaFe;As; ref. [21]

BaFe;As; ref. [22].

Pocket
Y
o

]

80(10)
440(10)

0.3
1.7

0.7(2)
1.2(3)

F(T) |AlAgz (%) m”/m; | Tp (K)

3(1)
4(1)

F (T)|A/Apz|m" jm}| Tp |

~ 90 1 0.9(1)
~ 440 1.3 | 2.1(1) |4(1)
~500| 1.4 | 2.4(3) |3(1))
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Evidence for the 3d Fe band contribution to the FS
* EulnbAsy : Ty =19 K

26

Thursday, October 9, 2014



Evidence for the 3d Fe band contribution to the FS
& EuIn2A82 : TN — 19 K

-
o

B H = 1 kOe.
S . i O Hllc |
i 0 H || plane
P ]
x d
b9 : : } : :
— 05__ b) .-.._!
5 0.4 - S L
G \/
£ 034 ! 1
=5 1 =
O _/ | =1.0 mA // plane
' | ' | ' | '
0 50 100 150 200

=3
N
]
O A
~—
]

-
N
]
-
|

IT (J/mol KZ)
o =\
Rk

Cp

S
o

5 M I [ R | | |
8 10 12 14 16 18 20 22 24
T(K)

(o]

Thursday, October 9, 2014



Evidence for the 3d Fe band contribution to the FS
& IEIlIIlzzA&Ekz : i[}q ::'159 E(:

= 10 a) | ' | ' | '
o g H =1 kOe_
S . i O Hllc |
i O H || plane]
S 2] ]
x d
05 I
et | b) .__.;
g 0.4 - " L -
£ 03- T 1
Q . [ ]
O:2 _/ | =1.0 mA // plane
| U | U | U
0 50 100 150 200
= S s | e (e [ e (e
o 1.4 - c) -
B \
g 1.2— I. -
=0 |
-
0.8+
o
0.6 S SR S LT L SRS AT L L S L
6 8 10 12 14 16 18 20 22 24

T(K)

Absorption Derivative (arb. units)

12.0
H (kOe)

12.5 13.0 13.5

Thursday, October 9, 2014



Evidence for the 3d Fe band contribution to the FS
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Site-specific ESR on Bai.xEuxFes.;,MyAs, (M = Co, Cu, Ni, and Ru)
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Conclusions

* High-quality single crystal growth by the In-flux technique;

* Decrease of the Fe-As distance as the magnetic SDW is suppressed by
both chemical substitution (Co e K) and applied pressure;

* Fe2t valence unchanged by Co-substitution;

* Similar critical temperatures independent of chemical substitution (due
to the same local distortion), except for Cu?* and Mn?* that have local
magnetic moment (unconventional magnetic impurity pair breaking).

* Magnetic phase suppression causes increasing planar (xy/x?-y?)
contribution to the 34 Fe bands at the Fermi surface.
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Thank you for your attention!
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