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Unconventional superconductors
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Particle-hole scattering
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Resonant mode in copper oxides

"Hourglass” dispersion in cuprates: YBa,Cus06.6
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Magnetic resonant mode in CeColng

Heavy-fermion superconductor
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Iron-arsenide superconductors



Fe-based superconductors

2131

m 1111 122 32522

N

s
& g% ®

i

|
W
X
%&1
¢ —
L)
AW (Sr,V,0.)Fe,As,

J
:
’

<%

P i MM,_
h | I
i @ | < ! o~
| ﬁ au 1
“_“_ | c.f" el t -k ! _.m
ey Te® m
0L on 0 e 0 o
| @ ! R ..m ||||||||| ;| w0
3 v M €4 Po g
“ .lﬂm __ “ q L
@5 & @, #u-@ =

.i

‘b

1™

[}
==
[}

|||||||||||

¢
| &
|
«
LiFeAs

(Sr35¢,0.)Fe,As,

~57 K ~38 K <2K ~37-46 K

~18 K

~12-40K

C. W. Chu, Nat. Phys. 5, 787 (2009)



Resonant mode in Fe-based superconductors
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Isotropic, sign reversed
S-wave
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Magnetic resonant mode in BaFe,_Co,As,
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Magnetic resonant mode in BaFe,_Co,As,
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Temperature dependence of the resonance
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Q-, @, and T-dependence of the spin excitations
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Resonance energy (meV)

Linear relationship between E, .. and T,
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Magnetic resonant mode in
A, .Fe, Se,



Iron selenides of the “245"” family

F. Ye et al., PRL 107, 137003 (2011),
see also V. Yu. Pomjakushin et al., PRB (2011).



Magnetic order and iron-vacancy superstructure
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Metal or insulator?

a CsogFesSe, b Ko sFe,Se,

Y. Zhang et al., Nature Mater. (2011),
see also T. Qian et al., PRL (2011),

D. Mou et al., PRL (2011),

X.-P. Wang et al., EPL (2011), etc.

Superconductor Semiconductor

F. Chen et al., PRX 1, 021020 (2011)




Nanoscale phase separation

Superconductor

W. Li et al., Nat. Phys. 8, 126 (2012)
A. Ricci et al., PRB 84, 060511(R)
F. Chen et al., PRX 1, 021020 (2011)




Intensity (arb. units)

Nanoscale phase separation
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See also:
X. G. Luo et al., NJP 13, 053011 (2011); Y. Liu et al., SUST 25, 075001 (2012); etc.
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Depth (nm)

Nanoscale layering of the two phases

(b)
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A. Charnukha et al., PRL 109, 017003 (2012)

See also:
S. C. Speller et al., arXiv:1204.5472
R. H. Yuan et al., Sci. Rep. 2, 221 (2012)

What is the composition and structure of the superconducting phase?

e doping level/concentration of the alkali metal (K, Rb, or Cs)
e presence of vacancies
e vacancy order or disorder



Inelastic neutron scattering
on A,_,Fe,_ Se,



INS8 triple-axis spectrometer (ILL)
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Meutron intensity (counts / minute)

I(1.5K) - I{35K) (counts / minute)

Resonant mode in Rb,_,Fe,_Se,
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Resonance energy (meV)

Linear relationship between E, .. and T,
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Quasi-two-dimensionality of the resonant mode
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Inelastic intensity (cnts / min)

Inelastic intensity (cnts / min)

Normal-state

response

460
8 meV
a40F © T=15K 4
¢ T=35K
420 | g
400 | 4
380 | 4
360 | 4
340 | 4
0.1 0.2 0.3
Kin (0.5 K 0.5)
1200 ' r . T
L % }
1150 | % % ) 4
1100 | ;‘}ﬁ <X -
1050 |- 3. _
I ‘§?$
1000 } b4 4
o5 18 meV, k=3.84 A
" ¢ T=15K %}’\; z ]
I T=35K ™ ]
900 | 4
850 1 1 1 1
0.1 0.2 0.3 0.4
Kin (0.5 K0.5)

Inelastic intensity (cnts / min)

600 -

550

500 |

450

400 |

350 |

Kin (0.5 K 0.5)

G. Friemel, D. Inosov et al. (unpublished data)

S(Q, w) (cts/ min)

I(1.5 K) - I(35 K) (cts / min)

200

150

100

a0

100

n
=]

re1sk
m =0, k=2662 A"

o L=0, k=384 A” .

& [=05 k=2662A" /$K

o L=05, k=384 A" if éﬂi

T=35K _ %

- om =0, k2662 A7 / T

o L=0, k=384 A” L
L=05, k=2662 A"

-0 L=05, k=384 A" i

R e |

ﬁ _!.- .

T+t
165K -35K

| =0 I 4

& k=2662 A"
; 1/
A k=284 A
L=0.5
A k=2662 A" i I\

=1 / 1 L]

T NN T N |
o 2 4 6 8 10 12 14 16

18 20
E (meV)



FlatCone multi-analyzer at IN8

Top view
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Reciprocal-space structure of the resonance
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Bulk-sensitive estimates of the electron count

—> 0.18 electrons/Fe (INS + theory)
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NMR evidence for a vacancy-free SC phase
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Y. Texier, J. Bobroff et al., Phys. Rev. Lett. 108, 237002 (2012)

Superconducting phase has no Fe vacancies!

It must be associated with the "compressed” minority
phase with the A, ;Fe,Se, composition.



Spin excitations and resonant mode in K, _,Fe,_Se,
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Summary, or what do we call a resonant mode?
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3. Temperature dependence, 24 (meV)
with an onset at 7. D. Inosov et al., PRB 83, 214520 (2011)
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