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Crystal growth
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Fe-arsenides
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Electronic structure

eg: LaFeAsO
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Electronic structure

eg: LaFeAsO
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Antiferromagnetism & superconductivity

eg: Ba(Fe,,Co,),As,
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The pairing mechanism?

gpin-fluctuation
scattering?
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Singh & Du, PRL 100 237003 (2008).
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Key point:

If we are to determine whether this is a realistic scenario, we must know more
about the actual electronic structure and Fermi surface of the doped material
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Two guestions

(1) What drives the ortho transition, and is it significant?

Is the electronic structure altered in any profound way?
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/In plane electronic anisotropy in Ba(Fe, ,Co,),AS,:
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Two guestions

\

(2) What role does Fermi surface nesting really play?

Does the phase diagram correlate with changes in the FS morphology?
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/Fermiology of BaFe,(As, ,P,),: \
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A bit about synthesis
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Principle hazards:

 high vapor pressure (P, As)
* reactive (Ba, K)

e toxic (As)




Part 1: The orthorhombic transition

T(K)
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' Why should we care?

(1) SDW & SC born out of it!

(2) Are fluctuations associated with the

i EE\\ additional QCP important?
N y
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Two avenues to detwin underdoped samples in situ

mn-plane magnetic field:
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Two avenues to detwin underdoped samples in situ

~

/In-plane magnetic field:
eg. La, ,Sr,CuO,
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/Isostatic pressure:

Ando et al, Nature 418, 385 (2002).
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In-plane magnetoresistance

e.g.x=25% at 84 K

T, o = 98.5 K
T, =92.5K

(2)

2.0
1.5
1.0+
0.5

» Substantial in-plane magnetoresistance
*Tied to crystal axes (largest for H || a,b)
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T-dependence
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Hysteresis
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Optical evidence for detwinning

intensity (a.u.)
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Field cooling

Chu et al, arXiv 0911.3878
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Resistivity anisotropy
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(1) p, > p, --- counterintuitive!
(2) Significant anisotropy for Af ~5 — 15 %

Excited but dissatisfied...
» wish to completely detwin samples
 wish to explore in-plane anisotropy above T,

X = 2.5‘3/’ \
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Resistivity anisotropy
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Mechanical detwinning in situ
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Mechanical detwinning in situ

X=0%
T=5K
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Mechanical detwinning in situ

X=0%
T=5K

26



In-plane resistivity anisotropy
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 Substantial in-plane electronic anisotropy (p, > p.)
* Insulating vs metallic T-dependence!
* Incipient anisotropy visible up to ~2T_,,

Chu et al, arXiv:1002.3364
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In-plane resistivity anisotropy
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In-plane resistivity anisotropy
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* Insulating vs metallic T-dependence!
* Incipient anisotropy visible up to ~2T_,,
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In-plane resistivity anisotropy
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» Unanticipated for a simple
structural distortion

« “Electron nematic order”

* Origin unclear from these

\_ measurements alone...
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In-plane resistivity anisotropy

(b) d(py-p,)/dT
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Does any of this matter?

150,

100

T(K)

501
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X

 Implication for our understanding of the FS for underdoped compositions?

e Buried under the SC dome are two QCPs, each of which is associated with

the itinerant electrons from which the superconductivity draws

J

Bottom line: Origin of this dramatic electronic anisotropy must be
determined if we are to have any hope of a comprehensive theory of
superconductivity in this family of compounds.
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Does any of this matter?
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determined if we are to have any hope of a comprehensive theory of
superconductivity in this family of compounds.




Part 2: Fermi surface nesting

4 )

(2) What role does Fermi surface nesting really play?

* Is there a correlation between phase diagram and changes in
band parameters (FS morphology & effective mass)?
* Fermiology via quantum oscillations...

J
Ba(Fe,,Co0,),As, BaFe,(As,,P,),
150 N — " 150— —
100- 100/ |
e z |
—a ~
0L JCEER— | A, :
000 005 010 015 0.20 0 ¥

Matsuda et al, arXiv 0907.4399
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Quantum oscillations

*Bulk measurement

*Precise determination of shape of FS
eSensitive to subtle reconstruction
Measurement of renormalized mass
Measurement of mfp band-by-band

But...

*Requires w7 >1
*No information about k-space

KTorque:




(a) BaFe,As,
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(a) BaFe,As,
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(a) BaFe,As,

2

| 1 (hole) Y 2
Qf X 3 X
A E 2 (electron) B 1.1
'l" 3 (hole) o 1.7
1R/ ‘ \‘ 4 (electron)

* The reconstructed state doesn’t tell us too much about the original FS
*One would ideally like to study the unreconstructed FS...

Analytis et al, PRB 80, 064507 (2009). 38



(b) SrFe,P,
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(b) SrFe,P,

Experiment

dHvA Frequency (T)
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(b) SrFe,P,

Experiment Calculations
F(kT) 2 ((nm) Orbit F(kT) 2t =
m e M e my,

Tmm 0.632 097 -
v 0.89  1.49(2) 58  lnax 1.804 1.07 1.4
6 041 1.6(1) 21 2., 0.828 1.24 1.3 [ hole
e 6.02° 341(5)" 90  2max 10.95 230 1.7 |

By 241  1.92(2) 63 3mim 3.077 1.25 1.6 -
Bo 3.06 241(3) 70 3max 3.824 1.70 1.6
a1 1.637 1.13(1) 100 4, 1.823 0.55 2.1 | €lectron
as 1.671 1.13(1) 100 4

max 1.966 0.60 2.1 4

4 )

(1) Renormalised mass m* ~ (1+A)m,
A=m*my-1~03-1.1(> Aepp)

\ (2) Mean free path longer on electron than hole pockets/

Analytis et al, PRL 103, 076401 (2009).



(b) SrFe,P,

Main point:
The experimentally determined FS of SrFe,P, is very poorly nested

Question:
How does this change with As doping?

Matsuda et al, arXiv 0907.4399




(C) BaFeZ(Asl-xPx)Z

x=0.63, Tc = 9 K (overdoped):-
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(C) BaFe,(As,,Py),
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(C) BaFeZ(Asl-xPx)Z
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* FS has smaller volume & much less c-axis dispersion than LDA predic@
« Significantly improved nesting between inner hole and electron pockets
* Main point: FS morphology significantly changes on doping As in to
\ BaFe,P, — substantially increased potential for nesting )

Analytis et al, ArXiv 1002.1304
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Summary
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« Dramatic electronic anisotropy » Correlation between FS nesting
 Origin and effect on FS unknown and superconductivity
» Key feature of spin-fluctuation
\__pairing )
Phase diagram Quantum oscillations In-plane anisotropy
Chu et al, PRB 79, 014506 (2009). Coldea et al, PRL 101, 216402 (2008). Chu et al, arXiv 0911.3878

Hayden et al, PRB 79, 144523 (2009).

Carrington et al, Physica C 469, 459 (2009). Chu et al, arXiv:1002.3364
Analytis et al, PRB 80, 064507 (2009).
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Aside: correspondence to underdoped cuprates?
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