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A 3D bandstructure

Cuprates: Single 2D FS, d-wave gap BaCo-122: Multiple gaps, 3D FS
{a) ﬂ (b) ’

TIBaCuO ‘ ‘ '
{9 (d)

TWO s-wave gaps

R. Gordon et al., Phys. Rev. Lett. 102, 127004 (2009)
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domains in orthorhombic / AFM phase

M. A. Tanatar et al., Phys. Rev. B 79, 180508 (2009)
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L@i domains in doped FeCo122
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high — energy x-ray
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A Bal22 — anisotropy in both ORT & TET!
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Sr122
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comparison of anisotropies
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anisotropy: case of LiFeAs
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Fig. 3. (Color online) The Fermi surfaces of LiFeP (1) and LiFeAs (2).
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A Two (an)isotropic gaps in pnictides
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3D structure
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London penetration depth
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A

self-consistent description (Eilenberger)
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A BakK122
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A gap ratio in a two-band superconductor

pnictides
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A zoology of the gaps
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A the experiment: tunnel — diode resonator

- —
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Negative differential
— resistance region
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Vol[age {V] — ‘lg. 14. Current-voltage characterlstic at room
GaasAln: As superlattice.

temperature of a TOA-period. Gahs

"The original version of the paper was rejected for publication by
Physical Review on the referee's unimaginative assertion that it was
'too speculative' and involved 'no new physics.

- Reona (Leo) Esaki




A universal power-law behavior of A(T) in Co-122
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R. T. Gordon et al., Phys. Rev. Lett. 102, 127004 (2009); Phys. Rev. B 79, 100506(R) (2009)
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A Ba(Fe,_Ni ),As, single crystals
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A Ba(Fe,.T,),As, (T = Pd, Co+Cu)
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A “11” system - Fe(Te,Se)
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A RFeAsO,,F, single crystals (R-1111)
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A “1111” RFeAsO,_F,

[ .f/‘:
: LA
"
[ .i.,
60} La-1111 e
[ Z i
= maf ™ Nd-1111
E . \ oS4
s 4ot \
é '.!"-55.,;".Il --5"'"“' .
AbAA AT 4‘“"":“
o 03T
0.00 0.02 0.04 0.06 0.08 0.10

C. Martin et al., Phys. Rev. Lett. 102, 247002 (2009)

19 Jan 2011 KITP Winter 2011 30




A overdoped regime: large gap anisotropy
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conclusion: A, (T)

a4 R

in all iron-based superconductors

ﬁb(T):/lab(O)jLATn

a

2 < n < 3in most doped Fe-based superconductors
n = 1.xxin P —doped materials

large in-pane gap anisotropy in
\ the overdoped regime /
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A comparison with other measurements
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A the absolute value of A(0) —

sample

«—— Alfilm

T<T(Al) T>T.(Al)

e
N

pd
N

A (T <TH) =2 A (T>T ) =t42

M, +Atanh(t/ 4,)

t ~1000 A
+oesooh  Mer = (T>TH )= A (T <<T) <= measurec

R. Prozorov et al., Appl. Phys. Lett. 77, 4202 (2000)
R.T. Gordon et al., Phys. Rev. B 82, 054507 (2010)
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ﬁ Al f'lm ﬁ sample

19 Jan 2011

R. T. Gordon et al., Phys. Rev. B 82, 054507 (2010)
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A A(0) in Ba(Fe, 4:C0, 47),AS,

T T T T T T T T T
—A— Before Al coating
—@&— After Al coating

T (K)

R. T. Gordon et al., Phys. Rev. B 82, 054507 (2010)
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A(0) vs. X
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B

A pairbreaking for general FS and any gap symmetry

f(r,k.,o) A(rT,k.) =2(r,T)Q(K,), (Q*) =1 -order parameter.
2 + _ _ . .
g + ff™=1 Simplify: (QQ)=0 (applicable tod-waveands,) 7Z=k;=1

Introduce normal and spin-flip scattering in Born approximation.

1 B 1 n 1 _h _ 4 V. G. Kogan,
—=—XT— or pP= o7 P: =P T Pn Phys. Rev. B 80, 214532 (2009)
T+ T Tm ¢ V. G. Kogan, C. Martin, R. Prozorov,

- Phys. Rev. B 80, 014507 (2009)

for strong pair-breaking, at all temperatures: f <1, g~1- ff +/2

Y(1-t*) =
(—) = Z(E —(Qf )) - self-consistent gap equation with @, = w+(2z, )_l

12T p> i\ o

vt 27% (T2 -T7)

- without fields. It gives Abrikosov-Gor’kov result for Q=1

3(Q*)-2

A. A. Abrikosov and L. P. Gor’kov, Zh. Eksp. Teor. Fiz. 39, 1781 (1960). Sov. Phys. JETP 12, 1243 (1961).
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A response to fields and currents

Weak supercurrents and fields leave the OP amplitude unchanged, but cause the
condensate, i.e., A and the amplitudes f to acquire an overall phase dr):

A:Aoeiﬁ f:(fo_l_fl)ei@ | :_47Z-|6| N T |mZ<Vg>
9=00+0, fr=(f+ )™\ 5 ak

& (27)’nN(0)| v

>0

with: 4—72- ji = —(lz)&la
C

(/12 );(1 _ 87°e’N (O)T <VinQZ>‘PZZi

27Z 27T . gauge —invariant 2 3
—a=VOo+—A or potential C w>0 W,
b %, 2
1 1 o0 1 0
. — _ LASEESTR— Y
for strong scattering, ; o 167 v ( o 2] o

L 167N (0)kZz?
R (3(Q4)-2)

2 .
AT =015, 20 =2 e =52 J s(0r]-2

in real (12 )I_

units:

7e*N (0)(v:Q)

a
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strong pair-breaking in pnictides
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A scaling of AA(T) = BT?

. , _
— m  Ba(Fe _Co)As, |
A Ba(Fe, Ni)As, |
- ¢ (Ba _K)FeAs,
0.01 M=pT? ® Fe(Se_Te)
LaFeAs(O, _F)
~~
N V. NdFeAs(O, F )
~ | 4
= o ey p=(8.8+1.0)/T°
= 1E3 2% [ -
an) ;g?’o
[ <
-<115¢
L
0- 1
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T (K) ¥
) ) ]
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V. G. Kogan, C. Martin, R. Prozorov, Phys. Rev. B 80, 014507 (2009)
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A summary: effect of scattering on AA(T)

AL =[FT" i

line nodes s
.

VLR L -
"
; i

pairbreaking s-wave (s,) pairbreaking scattering

WA(O) —A(0)/T 4
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A 1.4 GeV 208pph~%* jrradiation of Fe{Co,No}-122

Irradiation at

Argonne Tandem Linear Accelerator System (ATLAS)

flux: ~5x10" IOQS
m-“s
ion penetration length: ~60-70 um FeCo-122

density of defects n [tracks/cm?] is
parameterized by the matching field:

B, = ng,
we used fluences in the range up to
B¢ =27

corresponding to the mean distance
of 32 nm between the ion tracks

FeNi-122

R. Prozorov et al., Phys. Rev. B 81, 094509 (2010)
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A two independent parameters: T_and n
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A pairbreaking with s, pairing: numerics
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conclusion

4 h

power-law behavior of A_,(T)
in charge - doped pnictides
comes from pair-breaking

scattering + anisotropy

" /
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LiFeAs
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A penetration depth
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A Pauli limiting and possible FFLO state
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A

comparison with other systems
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LaFePO (nodes)

& effective doping level (p or n)

stoichiometric pnictides

(full gap)
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are there nodes in the overdoped state?
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mix

A4 (nm)
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A

conclusions

it appears that Fe-based superconductors
represents most complex system so far

low anisotropy. Three - dimensional bandstructure

Modulated 3D gap. Possibly with doping-dependent
nodes

fully gapped at optimal doping developing
significant anisotropy in the overdoped regime

unconventional s-wave pairing with many options
for nodes (that are not symmetry imposed)

clear signatures of two distinct gaps
Pauli limited H_,, possible FFLO state
significant effects of pair-breaking scattering
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