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Rare Earth Tuning Ca, R Fe,As,

Electron/Hole Asymmetry?

Intermetallic iron-pnictides cuprates

Kordyuk et al (2010) Orenstein/Vishwanath, Nature (2010)
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Ca, La Fe,As, under pressure

AFM/SC Coexistence?

LaFeAs(O,F)

e A-, T- and P-doped systems exhibit microscopic coexistence
e Oxypnictides do not!?
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Rare Earth Tuning Ca, R Fe,As,

R (3") = La, Ce, Pr, Nd, ...
- Ca (2%)
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Rare Earth Tuning Ca, R Fe,As,

Lanthanide Contraction RS Ca

Fe
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Rare Earth Tuning Ca, R Fe,As,

Single-Crystal Synthesis

* large (~few mm) crystals
* self-flux method
* solubility limit vs RE
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S.R. Saha et al, PRB 85, 024525 (2012)




Rare Earth Tuning Ca, R Fe,As,

X-ray Characterization

a) Ca,RFeAs,
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a-axis: same for all R

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Neutron Scattering
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Rare Earth Tuning Ca, R Fe,As,

C-axis structural collapse

* structural collapse comparable to CaFe,As, under pressure
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Rare Earth Tuning Ca, R Fe,As,

P (T=50K) T (P=0.6GPa)

CaFe,As, under pressure
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- “collapse” of tetragonal unit cell =t e
» dramatic change in bonding structure

Bond an gle As-Fe-As

.;.

Kreyssig et al. (2008)
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Rare Earth Tuning Ca, R Fe,As,

C-axis structural collapse

» key parameter is As-As separation
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Rare Earth Tuning Ca, R Fe,As,

C-axis structural collapse

e controllable
collapse

180 x 10° K1

thermal
ionl!l
expansion!!
S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Quenched Fe Moment
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Rare Earth Tuning Ca, R Fe,As,

Electronic reconstruction
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S.R. Saha et al, PRB 85, 024525 (2012)

Kasahara (2010)
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Rare Earth Tuning Ca, R Fe,As,

Phase Diagram

a-axis lattice parameter (A)
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» suppression of AFM phase dependent on rare earth

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Phase Diagram

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Physical Properties

La-doping:
* NO structural collapse

e Superconductivity!

Pr-doping:
» Structural collapse

e R=Lla, Ce, Pr, Nd suppress magnetic order and induce superconductivity
with max T, onset of ~50 K

* No apparent coexistence of AFM and high-Tc superconductivity phase
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity up to 49 K!

S.R. Saha et al, PRB 85, 024525 (2012)

BNL Fe-Pnictide Workshop - September 2013 Johnpierre Paglione



Rare Earth Tuning Ca, R Fe,As,

Superconductivity

e appears in all R-doped
samples

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity

e small volume fractions

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity

The simultaneous occurrence of superparamagnetism and superconductivity in nominal single
crystalline (Ca..,Pr,)Fe;As, with 0 £x<0.13

B.Lv, F. Y. Wei, L. Z. Deng, Y. Y. Xue, and C. W. Chu*

. Arxiv:1308.3129
e small volume fractions

Why 1s the superconducting T, so high in rare-earth-doped CaFe,As,?

Authors: F. Y Wei.! B.Lv.'L. Z Deng,1 J K Meen’. Y. Y. Xue'. J. E. Hoffman® and C. W.
Chu'**

Arxiv:1309.0034
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity

e impervious to
annealing, etching

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity

e appears in all R-doped
samples

e small volume fractions

e Impervious to
annealing, etching

e oxidation not cause

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity

* observed independently
by other groups!

0O 10 20 30 40 50 60 70
T(K)

Y. Qietal. (2011) B. Lv etal. (2011)
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity

e appears in all R-doped
samples

e small volume fractions

e Impervious to
annealing, etching

e oxidation not cause

» observed independently
by other groups!

First observation
of bulk phase??
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity

e appears in all R-doped
samples

e small volume fractions

e Impervious to
annealing, etching

e oxidation not cause

e observed independently
by other groups!

e only in paramagnetic
(non-AFM) state

S.R. Saha et al, PRB 85, 024525 (2012)
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Rare Earth Tuning Ca, R Fe,As,

Superconductivity

e only in paramagnetic
(non-AFM) state

No coexistence of AFM and SC phases?

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure
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S1. Clamp cell (UMD)
0 — 14 kbar

resistivity
S2. helium cell (NIST)

0 —4 kbar
neutron scattering

S3. helium cell (McMaster)
0 — 4 kbar
resistivity

S4. Anvil cell (Cambridge)

0 — 50 kbar
resistivity and TDO

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

SAMPLE 1: Lal0%, piston clamp cell (liquid)

* No trace of T_.> 10 K below 12 kbar

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

5 58 UNIVERSITY OF
- B o

S2. helium cell (NIST)
0 —4 kbar
neutron scattering

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

SAMPLE 2: Lal2%, hydrostatic (He) cell

e Measure AFM OP under
He gas pressure

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

SAMPLE 2: Lal2%, hydrostatic (He) cell

La Fe As (S2)
0.88 0.12 2 2

helium cell

T, vanishes < 0.5 kbar

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

SAMPLE 2: Lal2%, hydrostatic (He) cell

Scanning Q = (0,0,4) vs P c-axis Vs pressure

 No trace of collapse phase

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

5 58 UNIVERSITY OF
- B o

S3. helium cell (McMaster)
0 — 4 kbar
resistivity

S.R. Saha et al, preprint

BNL Fe-Pnictide Workshop - September 2013 Johnpierre Paglione



Ca, La Fe,As, under pressure

SAMPLE 3: Lal3%, hydrostatic (He) cell

e Only required to reveal SC for T,=50 K sample
e Completely reversible

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

5 58 UNIVERSITY OF
- B o

S4. Anvil cell (Cambridge)
0 — 50 kbar
resistivity and TDO

S.R. Saha et al, preprint
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Ca, laFe,As, under pressure 8 UNIVERSITY OF

|

P CAMBRIDGE

SAMPLE 4: La27%, Moissanite anvil cell

Ca__La _Fe As (54)
07y 02T 2 2

Moissanite anvil cell

20 30

P (kbar)

* TDO measurement: T_increase to max value for La

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

Four Samples

Ca La Fe As (S2)

0.88 0.12 2 2
helium cell

0.1 02 03 04 05 0.6
P (kbar)

* Lack of coexistence vs doping and pressure (<0.5 kbar)
e Similar to “1111” phase diagrams?

S.R. Saha et al, preprint
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Ca, La Fe,As, under pressure

LaFeAs(O,F)

F.H-doped systems exhibit NO coexistence
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Ca, La Fe,As, under pressure

Ba/SryK,Fe,As, BaFe, T As, BaFeAs, P

X

A-, T- and P-doped systems exhibit microscopic coexistence
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Ca, La Fe,As, under pressure

Why 1s the superconducting T so high in rare-earth-doped CaFe,As;?

Authors: F. Y. Wei.! B.Lv.!L. Z. Deng,1 J. K. Meen. Y. Y. Xuel. J. E. Hoffman® and C. W.

14,
Chu ™*

Wei/Chu et al, - 1309.0034
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Ca, La Fe,As, under pressure

How do we get bulk phase???
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Ca, La Fe,As, under pressure

Conclusions

O Rare Earth Substitution in CaFe,As,
. Controllable structural collapse
. La, Ce, Pr, Nd, Sm, Gd...
. High-Tc superconductivity
O La substitution under pressure
. Continuous tuning of AFM/SC

O Separation of AFM/SC phases

. Consistency with Tc >40 K materials

@H UNIVERSITY OF

» CAMBRIDGE

S.R. Saha et al, PRB 85, 024525 (2012)
x T. Drye et al, SST 25, 084014 (2012)
* H. Gretarsson et al, PRL. 110, 047003 (2013)

L. Ma et al, CPB 22, 057401 (2013)

- S.R. Saha et al, preprint (2013)
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