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d The “122” phase: BaFe,As, : electron doped
Ba(Fe, ,Co,),AS,

 Analysis of the transport properties of
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Resistivity and Hall effect

Carrier content, scattering processes and
magnetic transitions
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Contribution of holes and electrons to the transport
properties

d Summary



122 Phase : BaFe,As,

Possibility to get large single crystals

BaFe,As,
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122 Phase BaFe,As, : crystal growth

Self flux method

Fe + As 2% FeAs b)

Fe + Co 700°¢ Co0AsS Ba(Fe, Co,),AS,

Ba + FeAs, with excess of CoAs
a)

Weighing and mixing in a glove box under Ar atmosphere : ~2 g powder, Al,O4 crucibles

Synthesis in quartz tubes, sealed under vacuum
Kept at 1180°C for 4h and cooling at 5°C/hh  —— 1000°C for 6h
Cooled down to room T

Mechanical extraction of
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Co-doped: Ba(Fe,_.Co,),As,

Co content determined by wave length Or
dispersive X-ray spectroscopy
0<x<0.3 With a precision of 10% ~ 5107
= .110°}
Resistivity and Hall effects 15 10° ‘ ‘ ‘ ‘
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- Good reproducibility of the measurements
Absolute values of the resisitivity




Resisitivity curves all over the phase diagram
Co-doped: Ba(Fe,_,Co,),As,
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Very homogeneous samples

See also Y. Laplace et al., EJPB (2009)



Structural and magnetic transitions
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Phase diagram of Ba(Fe,_,Co,),As,

140

120

100

80

T (K)

60

40

20

¢
0.2

coexistence magnetism

0 0)
3% <x< 7% and superconductivity

T.=0for x> 15.5%




Coexistence of superconductivity and magnetism
at the atomic scale

dp/d (uQ.cm/K)

NMR on single crystal with 6%Co
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Incommensurate magnetic order

Very small deviation € ~ 4%



Madssbauer spectroscopy - Incommensurate magnetic order

B. Bonville et al., arXiv 1002.0931

Single magnetic hyperfine pattern
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This incommensurability has not be seen by neutron diffraction up to now.



Resisitivity and Hall effect all over the phase diagram
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P = ne’r Drop in the absolute value of R,

at the magnetic transition.
Multiband system:

R, always negative
c=0,+0, 2 yl J

Transport dominated by electrons
all over the phase diagram




Undoped compound BaFe,As,
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Hall effect measurements
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Using LDA calculations to determine n, and n,

L. Fang et al., PRB 80 (2009)
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LDA calculations appear to overestimate the number of electrons and holes up to x~0.2
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Using ARPES measurements to determine n, and n,

. Brouet et al., PRB (2009)

® n, integrated over k
Hole bands: two 2D, one 3D h INeg 2

O n,, max
—|==— Theory (holes
44 4% Co 0.30 " ry ( )
el
42 * n,(Hall)

— Theory (electrons)

s
o
|

w

©
|

o

N

o
1

Photon energy (eV)
w
()]
|

w
~
1

w
pe]
|

0.10-| &

T T T T T T T T
-0.8 -0.4 0.0 0.4
Kx (pi/a units)

Nb holes (or electrons) per Fe

2 degenerate electron bands: 2D

0.00
15 7% Co 0.00 0.10 0.20 0.30
= a Co content
2101
2 Good agreement between ARPES
205 and transport data

T I T
-1.5 -1.0 -0.5
Kx axis (pi/a units)



Analysis of resistivity and Hall effect in a two-band model
with T independent n_, and n,
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Optical measurements in Ba(Fe,_,Co,)As,

mmmm) One type of carriers more strongly scattered than the other one
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The holes are 15 times more scattered Two Drude components
than the electrons with very different scattering rates

Interband scattering more efficient
for the holes than for the electrons



Carrier content vs Co doping and temperature

Variation with Co content
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Electronic scattering rates
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Fermi liquid behavior
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This corroborates our analysis in terms of transport dominated by electrons
with a T variation of carriers




Fermi liquid vs

non Fermi liquid behavior

Observation of a T linear resistivity
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A very small variation of the number of carriers with temperature can be responsible

for an apparent T linear resistivity




Why the spin fluctuations are not directly apparent in the transport?

As NMR in underdoped and overdoped Ba(Fe, ,Co,)As,
Ning et al. Arxiv 0907.3875

A A o 0%
0-8_ i f A 4%
I\ > 5%
| . 8%
I | * 9%
\J 4 T =135€ x 10%
R LA 4 12%
~ ; A 14%
TR A\ N ¥ - 26%
o4t 0]l DO e Huge increase of 1/T, T below 10%
S [ TR I N S
— ‘L e Ty L S = ""’f’,
y A i —— ’
: B EES
U S
N i
0 50 100 150 200 250 300

Temperature (K)

Are the holes localized by the spin fluctuations?

Why the electron transport is not affected?




Electron-Hole asymmetry in the 122 family

L. Fang et al., PRB (2009)
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Ru-doped: Ba(Fe,;_,Ru,),As,

Isovalent substitution n,=n,=n

LDA calculations : Electronic structure near the Fermi level
L. Zhang and D.J. Singh, PRB (2009) quite similar in BaFe,As, and Ru-BaFe,As,

Results on polyc_rystalllne samples of BaFe, RuAs, o0
S. Paulraj et al., arXiv 0902.2728 208 s
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Negative Hall coefficient also in single crystals of BaFe,(As, P,),
S. Kasahara et al., arXiv0905.4427



Transport and ARPES in Ba(Fe; (sRug 35),As,
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ARPES measurements : See Poster by V. Brouet

For the hole pockets:

o0 FS significantly warped along k,
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Number of carriers nearly twice the one
48 found by ARPES in BaFe,As,




Analysis of the transport data for Ba(FeRuj 35),As,
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Why are the holes less scattered in Ru doped compounds than in the undoped parent?
Spin fluctuations?

Modification of the electronic structure : weaker correlations — See poster by V. Brouet




Summary

(1 Coherent picture of the charge transport in
Ba(Fe, Co,),As, atlow T

Transport dominated by the electrons

The T variation of the Hall number explained by a T variation
of the number of carriers

J Scattering processes : Fermi liquid behavior

Spin fluctuations not directly visible in the transport properties
Residual scattering rates independent on Co doping

1 Ru-substituted BaFe,As,

Phase diagram very similar to the one found for Co or K
doped compounds

Electrons and holes contribute to the transport.

Modification of the electronic structure






