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RIXS ON THE Fe SUPERCONDUCTORS: A SLOW START---

e The iron-based superconductors are one of the top topics in

recent science:
e#1 most cited publication in 2008 (Y. Kamihara et a/., JAGS

130, 3296)
*#16 top topics of Thomson Reuters’ 2009 compilation

e Still a lot of work ahead, superconductivity mechanism not fully
understood yet.

e Only three RIXS studies published so far (metals are no good for
RIXS!)

e« WL Yang et al., Phys. Rev. B 80, 014508 (2009)
¢ J.N. Hancock et a/., Phys. Rev. B 82, 020513 (R) ,(2010)
e . Jarrige et al., Physica C 470, S377 (2010)

e Goal: Try with higher resolution, better statistics, and lof of
patience.

- BUT A STRONG FINISH?



WHAT IS RIXS?
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WHY TWO EDGES FOR ONE STUDY?

K edge
(indirect
)
® Larger momentum range ® Stronger inelastic
signal
® Constrained © Weaker elastic line

environments

® Single spin—flip
excitation

® Higher E/AE than A edge
for Fe

\ }
f

e Excel lent complementarity

e The combined use of both edges enables an In-
depth diagnosis of the electronic and magnetic
properties




WHY RIXS ?
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EXPERIMENTAL :

BEAML INES

KA edge
Fe—A : E=7120 eV, AE=230 meV

AAAAAAAAAAAAAAAAAA

Beaml|ine : 30-ID
Endstation : MERIX
(1-m Ge (620))

. E=T10 eV, AE=160 meV

Beaml|ine : BLO/S

Endstation :
(Sample - detector: %ﬂ)



K edge INCIDENT ENERGY DEPENDENGE
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K edge ‘
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B dd interband : Fe dd interband excitation.
B Charge tranfer. Fe 3d-As 4p charge transfer.
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INCIDENT ENERGY DEPENDENCE
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K edge INCIDENT ENERGY DEPENDENCE L edge
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e Low-energy (~0.25 eV) excitation enhanced with in—-plane momentum

contribution: assigned to xy » xy excitation.
e Spin excitation predicted to reach 0.1 eV at (0.5x, 0)
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contribution: assigned to xy » xy excitation.

observable with AE=70 meV (E/AE=10000).

Low—energy (~0.25 eV) excitation enhanced with in-plane momen

Spin excitation predicted to reach 0.1 eV at (0.5x,0), shoulc

tum

be




INCIDENT ENERGY DEPENDENCE
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SPIN EXCITATIONS?
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e Low-energy (~0.2 eV) excitation enhanced with in-plane momentum
contribution: Spin excitation? =» Perhaps, but need to measure other
momenta + increase statistics (spectrum shown above is 3h measurement

time)



CONGLUSION

* First observation of charge excitations using RIXS in an iron-based
superconductor

 /~egde: Comparison with theory yields U=2.4 eV for PrFeAsO

» [-egde: Higher energy resolution, stronger Raman signal, and weaker
elastic |ine compared with A-edge, but needs to be cautious with
surface oxidation. Spin excitations can be observed, although with more
flux or longer acquisition time.

eWish [ist for HORNET:
— In-situ manipulator for sample cleaving
— Low-temperature
— More flux--- or more beamtime?



TIME DEPENDENCE
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K edge
e ELECTRON CORRELATION EFFECTS

PrFeAs0
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e Comparison with calculations based on a 16 band dp model for the AF ground
S1846d agreement with experiment for U=2.4 eV




K edge

MOMENTUM DEPENDENCE
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oleak, but sizeable momentum dependence




