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Fe-As based superconductors part I

1'he end of the tyranny of copper

RFeAs(O,_F,) T.upto 55K
RFeAsO,._, T.up to ~50 K

Hard to make, is this oxide physics, intermetallic physics, both, neither...?????

What is role of O / F?
What is the nature of the superconductivity, what is the symmetry of the gap?
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/'\ An other way to change the volume of a RXY compound’s
unit cell is to change R....Use the lanthanide contraction.

p (ML cm)

Phase [hagram and Chaantum Critical Peoint in Newlyv Dhscovered

superconductors: SmiYy_.F.Feds

R. H. Lin!, @ Wal, T. Wu!, D. F. Fang!, H. Chen!, 5. ¥. L2, K. Liu!, Y.
L. Xie!, X. F. Wang!, R. L. Yang!, C. He?, . L. Feng? and X. H. Chen!*
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High pressure synthesis
NOT single phased
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R. Prozorov,* M. E. Tillman, E. D. Mun, and P. C. Canfield
arX1v:0805.2783v2 [cond-mat.supr-con| 4 Jun 2008

Can find and isolate ~400
um on a side plates/ grains
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arXiv:0R06.2147v3

Using single grains we can perform ARPES and find Fermi
surface and compare with banc

structure calculations....

X(R)  M(A)

100

cond-mat.supr-con| 17 Jun 2008

C. Lin,! T. Kondo,! M. E. Tillman,! R. Gordon,! G. D. Samolyuk,! Y. Lee,! C. Martin,! J. L. McChesnev,” S.
Bud'ko,! M. A. Tanatar,! E. Rotenberg,” P. C. Canfield.! R. Prozorov.! B. N. Harmon,! and A. Kaminski!



Using single grains we can perform ARPES and find the
superconducting gap and study its (lack of) anisotropy

Intensity (arb. units)

L PP i i i i i " i i i i
0,12 008 004 (0D 004 0 005 000 DoO5F 00D
Energy (eV) Energy (eV)

arXiv:0807.0815v1 [cond-mat.supr-con| 6 Jul 2008

Takeshi Kondo,! A. F. Santander-Syra,>* 0. Copie,! Chang Lin,! M. E. Tillman,!
E. D. Mun,' J. Schmalian,! 8. L. Bud'ke,' M. A. Tanatar,! P. C. Canfield.! and A. Kaminski®



A\ Nodeless superconducting gap in NdFeAsOpoFy 1 single crystals from anisotropic
penetration depth studies

. Martin, B. T. Gordon, M. A. Tanatar. M. D. Vannette, M. E. Tillman. E. D. Mun,
P. C. Canfield. V. G. Kogan. G. D. Samolvuk., J. Schmalian. and R. Prozorov*

arX1v:ORO7 OR76v] |cond-mat.supr-con| 5 Jul 2008
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Nodeless superconducting gap in NdFeAsOgoFp1 single crystals from anisotropic
A\ penetration depth studies

arX1v:0807.0876v1 |cond-mat.supr-con| 5 Jul 2008
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FIG. 3: (Color online | Low temperature region of AA /Ao,
The solid line is the best fit to Eq.(1). The nset shows
Agpld') and A.(1'). The smaller inset shows the ratio

Ya=Ac(T' )/ Aar(T').

AN(T | TR exp (_ﬂ.g) ‘ (1)
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FIG. 4: (Color online)The n-plane superfluid density wvs.
temperature (svmbols). Scolid line is a fit to an anisotropic
gap described by Eq. 3. The inset shows the angular depen-
dence of the fitting gap. The s-wave BCS (lines and dots) and
pure d-wave (dotted line) superfluid densities are plotted for
COMpPAarison.
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Final comments on current state of RFeAsO samples and data.

Exact knowledge of how much F goes in or how much O is missing are
qualitative at best.

All polycrystalline samples are mixed phase to some extent (in many cases to a
very large extent).

Grow of the RFeAsO compounds is very complicated and controlling O or F
exacerbates this problem.

Largest single crystals / single grains are on the order of 200-400 pum.

"

A lot of work needs to be done to get samples “under contro

There may be an intrinsic O-deficiency in these materials.
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Fe-As based superconductors part I1

Not even oxide physics!!!!

U Lok

(AE].-XAX)FeZASZ TC nJ 40 K
AE = Ba, SI’, Ca A = K, Na, Li WE@E:F}___BEUS e FRANK CAPRA

Much easier to make (there are not oxides but true intermetallics)

What is role of A doping?
What is the nature of the superconductivity, what is the symmetry of the gap?
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Superconductivity at 38 K in the iron arsenide (Ba;_.K.)FesAss

Marianne Rotter, Marens Tegel and Dhirk Johrendt*

arX1v:0805.4630v1 [cond-mat.supr-con| 29 May 2008
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/o In both of these structures there is a square planar
sheet of Fe that is capped top and bottom with As. The
A or RO layers separate these FeAs units.

FIG. 1: Crystal structure of BalFesAss.



A\ 'Within two days of reading Rotter’s discovery we had
grown large single crystals. Now single crystal work can really
begin.

Anisotropic thermodynamic and transport properties of single

crystalline (Ba; K, }FesAs, (r =0 and 0.45).

N. Ni'?, S. L. Bud'ko'®, A. Kreyssig!®, S. Nandi'*, G. E. Rustan'?, A. L
Goldman'#, 8. Guptal®, J. D. Corbett’®, A, Kracher!, and P. C. Canfield**

arX1v:0806. 1 874v ] [L'I."[]IJ-|T111[..‘~".4'["[-L'1'l[‘|] 11 Jun 2008
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Anisotropic thermodynamic and transport properties of single

crystalline (Ba,_,K,)Fe;As; (r =0 and 0.45).

2 @. E. Rustan™®, A. L

2 §8. Nandi"
2, 8. Guptal® I. D. Corbett!® A, Kracher!, and P. C. Canfield"?
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Anisotropic thermodynamic and transport properties of single

crystalline (Ba, ,K,)Fe;As; (r =0 and 0.45).

N. Ni'?, 8. L. Bud'ko'?, A. Kreyssigh?, S. Nandi'?, G. E. Rustan? A. L
Goldman'?, 8. Gupta'?, J. D. Corbett™®, A, Kracher!, and P. C. Canfield'?
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Anisotropic thermodynamic and transport properties of single

crystalline (Ba; ,K,)Fe;As; (xz =0 and 0.45).

N. Ni'2, S. L. Bud'ko'?, A. Kreyssigh?, S. Nandi’?, G. E. Rustan'?, A. L
Goldman'?, 8. Gupta'”, J. D. Corbett*, A, Kracher!, and P. C. Canfield!”
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Structural transition and anisotropic properties of single

crystalline SrFe,As,

I-Q. Yan.' A. K_rfeyssig.l'2 S. Nandi.™ N. Ni.'? S. L. Bud'ko.™” A. Kracher."

R. I. McQueeney, > R. W. McCallum.™* T. A. Lograsso.! A. I. Goldman., '~

and P. C. Canfield"’
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Structural transition and anisotropic properties of single

crystalline SrFe,As,
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A

Both BaFe,As, and SrFe,As, were both know members of this
structure....We decided to see if a new member could be found (and explored)

Both Ba and Sr members, when substituted with K suppressed the high temp,
structural (magnetic) phase transition and became superconductors....
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First order structural phase transition in CaFesAss.

N. N1, S. Nandi, A. Kreyssig, A. . Goldman, E. D. Mun, S. L. Bud'ko, and P. C. Canfield
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First order structural phase transition in CaFesAss.
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First order structural phase transition in CalFesAss.
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A I Goldman'’, D.N. Al‘g}q'iﬂus.. B. Ouladdiaf*. T. Fhﬂtt&rjij.. A KI‘E}’SEigl’2= < Nandilrzﬁ
2, P.C. Canfield"” and R. J. McQueeney

N.Ni'“. S. L. Bud’ko"

Lattice and magnetic instabilities in CaFesAsa: A single cryvstal neutron diffraction

study
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(a-b)/{a+b) X10°

Lattice and magnetic instabilities in CaFe:Ass: A single crystal neutron diffraction

study

AL Goldman'?, D.N. Argyriou’, B Ouladdiaf *, T C hatterji’, A. Kreyssig'?, S. Nandi'~,
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Observations and wishes about CaFe,As,

CaFe,As, appears to be similar to SrFe,As, and BaFe,As..

It is much softer

It has a smaller lattice parameter (Ca is smaller than Sr or Ba)
Pressure was useful in enhancing T in LaFeAs(O/F)

It would be wonderful to have a pure compound that could manifest all of the
salient features of this system.
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Both of these high
temperature

transitions are first
order in nature (as
assessed via hysterisis

in transport data).
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For low and high
pressures there is no
detectable
superconductivity

For pressures centered
about 5 kbar there are
sharp SC transitions

There is a dramatic
reduction of residual
resistivity, r(15K), as
pressure passes through

the 5 kbar region.
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Reasonable H_, curves
for SC region.
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BaFe,As, far less

pressure dependent.

R(©)
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Effect of pressure on the structural phase transition and
superconductivity in (Ba; ,K,)Fe,As, (r =0 and 0.45) single

crystals.

M. S. Torikachvil N. Ni. 8. T.. Bud'ko. and P. . Canfield
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Superconductivity up to 29 K in SrFe,;As; and BaFe;As; at
high pressures

Patricia L. Alireza, Jack Gillett, Y. T. Chris Ko, Suchitra E. Sebastian', and Gilbert G.

Lonzarich
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The phase diagrams that have

been mapped out for F-doped La
and Sm RFeAs(O/F) bear a
remarkable resemblance to what
we have found in pure CaFe,As,
under accessible pressures.
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/:\ Common features and hints from the data so far

Three classes of FeAs compounds with square planar Fe capped top and
bottom with As and with Fe?* via gross / formal counting.

In cases of RFeAsO and AFe,As, a combined structural (and magnetic) phase

transition needs to be suppressed for SC to emerge. This transition seems to
disappear suddenly.

Single crystals of the AFe,As, compounds are VERY soft. The CaFe,As, can be
rolled into a spiral with fine tweezers. Not at all hard.

All of the salient features associated with these compounds can be found in

pure CaFe,As, under pressure. This may allow for a clean sorting out of what
IS going on.

More FeAs compounds are being found and more ways of “doping” them are
being developed.

Hopefully this can be generalized to other transition
metals and other semi-metals as well.



Compounds with these elements have been avoided due to the
difficulty in making them. These are precisely the compounds that
will show properties that bridge between oxide and intermetallic

physics.
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Much More to Come



