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Spin dynamics of iron-based superconductors studied by inelastic pulse neutron
scattering -origin of localize and itinerant nature-

Horigane, Kazumasa
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Understanding the overall features of magnetic excitation is essential for
clarifying the mechanism of Cooper pair formation in iron-based superconductors. Here we report a
study on the spin fluctuations of the hole-overdoped iron-based superconductors Bal-xKxFe2As2 (x =
0.5 and 1.0; Tc = 36 K and 3.4 K, respectively) over the entire Brillouin zone using inelastic
neutron scattering. We found that their spin spectra consist of spin wave and chimney-like
dispersions. The chimneylike dispersion can be attributed to the itinerant character of magnetism.
The band width of the spin wave-like dispersion is almost constant from the non-doped to
optimum-doped region, which is followed by a large reduction in the overdoped region. This suggests
that the superconductivity is suppressed by the reduction of magnetic exchange couplings, indicating

a strong relationship between magnetism and superconductivity iIn iron-based superconductors.



BaFeAs, 100meV
Heisenberg
100meV
Stoner
- 2
BaFe,As,
KFe,Asy(T=3.4K)
- 2

(FPARC)

KFeAs,
KFeAs,

MnsSi  Cr

KFeAs, -

KFeAs,

BaFeAs,
Ba, K, FeASs,

Ba, K, FeASs,

KFeAs,

BaysKosFeAS, TC=35K
(FPARC)

AsFe-As

AsFe-As



1(a)

Bal—x K X FeZA S

Ca,NaFeAs,

x=05
200 meV

x = 0.33
2] x=1.0
80 meV

1(b)

x =05

Energy (meV)

Energy (meV)

(@) x=0.5, E;=409meV, 0.7<H<1.3
A

‘ -
-%.0 -20 -1.0
[L K] (rlu)
(b) x=1.0, E=149meV, 0.38<H< 0.98

0 10 20 30

:
=

10 20 30

T
[0.68, K] (r.l.u.)
1 (a) BagsKosFe&AS,

(b) KFeAs

Band width (meV)

2 Bay XKXFeAS,

K
0<x<05
x>05
J
Te
Xx=1
Cr
(DFT)
(DMFT)
300 - 150 -
250 |
200 2 100m
150 | §
100 |- % 50
=
50 |
0" % o2 ‘o4 06 08
K content (x)
2 (3) BapxK«F&AS,
T. O
<m®>> =u
W
o)
AsFe-As
Ca.NaFeAs,
Flux
cm
3) XRD Na
10

Na

95/(Zﬂﬁ) < w>
(=]
O

x=0.56

(e



3 Ca;Na,Fe,As,
(Tc"'34K)

Laue

4
mm
cm
JPARC
4

[1] T. Kawaguchi, K. Horigane, Y. Itoh, K.
Kobayashi, R. Horie, T. Kambe, J. Akimitsu,
“Crystal structure and superconducting properties
of KSrNb3Oyy”, Physica B 536, 830-832
(2018).( )

[2] K. Horigane, M. Fujii, H. Okabe, K.
Kobayashi, R. Horie, H. Ishii, Y. F. Liao, Y.
Kubozono, A. Koda, R. Kadono, and J. Akimitsu,
“Magnetic phase diagram of Sr,, LaIrO,
synthesized by mechanical alloying”, Phys. Rev.
B 97, 064425/1-8 (2018). ( )

[3] K. Horigane, K. Kihou, K. Fujita, R.
Kajimoto, K. Ikeuchi, S. Ji, J. Akimitsu and C. H.
Lee, “Spin excitations in hole-overdoped
iron-based superconductivity”, MLF Annual
and Development

Report 2015 Research

Highlights (2017), 36-37. )

[4] K. Horigane, K. Kihou, K. Fjita, R. Kajimoto,
K. Ikeuchi, S. Ji, J. Akimitsu and C. H. Lee,
“Spin excitations in hole-overdoped iron-based

superconductors”, Sci. Rep. 6 (2016) 33303. (
)

[1] (13
Bal_XKXFezASZ ”, 5 MLF
Direction2017,

2017 10 16-17

[2] “Spin excitations in hole-overdoped Fe-based
superconductors”, C. H. Lee, K. Horigane, K.
Kihou, J. T. Park, F. WaBler, N. Qureshi, Y. Sidis,
R. Kajimoto, K. Ikeuchi, S. Ji, J. Akimitsu and M.
Braden, International Conference on Strongly
(SCES2017),

16—~21

Correlated  Electron

Prague (Czech Republic), 2017 7

Systems

[3] “Crystal structure and superconducting
properties of KSr,Nb;O;,”, T. Kawaguchi, K.
Horigane, Y. Itoh, K. Kobayashi, R. Horie, T.
Kambe, J. Akimitsu, International Conference on
Strongly Correlated Electron Systems
(SCES2017), Prague (Czech Republic), 2017 7
16—21
[4] “Spin excitations in hole-overdoped
iron-based superconductors Ba;_,K Fe,As,”, K.
Horigane, K. Kihou, K. Fjita, R. Kajimoto, K.
Ikeuchi, S. Ji, J. Akimitsu, C. H. Lee, APS March
Meeting 2017, New Orleans (Louisiana) 2017
3 13~17
[5] “Spin resonance of Ba; K, Fe,As, studied by
neutron scattering”, C. H. Lee, K. Kihou, J. T.
Park, K. Horigane, K. Fujita, F. Waller, N.
Qureshi, Y. Sidis, J. Akimitsu, and M. Braden,
APS March Meeting 2017, New Orleans
(Louisiana) 2017 3 13~17 ,
[6]
Ba,K,Fe,As, >, ,



10
,2016 12 9-10

[7] [
Bal_XKXFezASZ ”, 5

16
, 2016 12 1-2
[8] (Ba,K)Fe,As,
7, J. T. Park,
F. WaBer, N. Qureshi, Y. Sidis,
, M. Braden 16

, 2016 12 12

[91] “Spin excitations in hole-overdoped
iron-based superconductors”, K. Horigane, K.
Kihou, K. Fjita, R. Kajimoto, K. Ikeuchi, S. Ji, J.
Akimitsu, C. H. Lee, ICMM2016 Satellite
Meeting New frontier of multi-functional
magnets (NFM2016), 2016 9 9-11 ,
Hiroshima City Bunka Kouryu Kaikan

(Hiroshima).

0
o 0
o 0

http://j-parc.ip/researcher/MatLife/ja/monthl
y reports/2016 09.html

https://www.frm2.tum.de/en/news-media/pre

ss/news/news/article/reversed-symmetry/

@
HORIGANE, kazumasa

10406829



