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Electron Dynamics at Buried Media and Interfaces: Au/Fe/MgO(001)

Y. Beyazit, J. Beckord, J. P. Meyburg, F. Kiihne, D. Diesing, P. Zhou, M. Ligges
University of Duisburg-Essen, Germany

~
= @ —— _ e-TOF
back ° R"- - g* ~—
l'll‘,’
pump ;,l,' front
Fe Au %% pump
»
MgO(001) "
probe
FM1 (emitter) NM (spacer)  FM2 (collector)
Au Fe
Probe 818
E
é—-» §‘/
ET i K Jsc
front pump / front probe ' L
“\‘Wb; L A*"' Au/Fe/MgO(100)
F Y
here compared to Pump

back side pump / front side probe ('-5¢Y)

MOKE

Alekhin et al.,

Melnikov et al.,
Phys. Rev. Lett. 107, 076601 (2011)

Phys. Rev. Lett. 119, 017202 (2017)
Razdolski et al.,
Nature Commun. 8, 15008 (2016)



Driving transport processes by Optical Pumping

Hohlfeld et al., Chem. Phys. 251, 237 (2000)
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2PPE intensity

Comparison of front and back side pumping in 2PPE
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Relaxation time T (fs)

Data analysis by single exponential relaxation
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Separation of scattering times in Fe and Au
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Microscopic energy flow dynamics in a simple heterostructure
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Element specific probing by soft x-ray spectroscopy
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absorption (arb. un.)

Near edge soft x-ray spectroscopy
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Fe L edge

ultrafast response due to
electronic (<200 fs)

and phononic excitations
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Ultrafast electron dlffractlon

— ‘
$

NATIONAL ACCELERATOR LABORATORY

Ei,=3-5MeV
pulse duration 50 - 250 fs L.
106 e’/pulse iinﬂ

LCLS-type B sample - Yoo 2 . - . g = detectors
RF gun chamber ® < Y B i ' ]

Weathersby et al., Rev. Sci. Instr. 86, 073702 (2015)

| N 1
5x (2 nm Fe / 5 nm MgO b =1 .
- ®) o \/22[1001‘1%& 3 = 15_(3) « analysis of mean square
Za L (100} F = ' displacement A(u2) of Fe
B 35
| 013 =
i 7 5 1.0- - interface mediated
' 4 e energy transfer
N ) v d N .
S LA, o% < 0.5+ —e- 47eV[Feg] 50 o identical dynamics
el T s -0= 476V [Fe/MgO]l 10 nm .
H ed 2R =¥ 3eV[FeMOL, 5o nm for Eumplng at
=1ps =20ps . i 0 det =36V [FeMgOl, 10pm  Wv =4.7 and 3 eV
T T T T T T T T T T I T T
4 6 8 0 05 1 15
q/A’ time delay / ps

12



relative pump-induced change XAS (%)

Monitoring electronic and phononic response

-0—-0 K edge

time delay (ps)

— 0

A(u?) of Fe nuclei: electronic response in MgO follows phonons in Fe
Coupling to MgO phonons: electronic Kapitza resistance

interface
Fe

effect of lattice expansion
and compression € in eDOS

At> 1 ps
local lattice distortion and
heterostructure thermalization

E-E- (eV)

-1 0 1 2 -0.05 0.00 0.05
LDOS (states/eV) 13




Energy transfer across interface by non-thermal phonons

center Fe interface Fe interface MgQ  center MgO

90

00.0 0.05 0.00 0.05 0.00 0.05 0.00 0.05

vDOS (states meV ' atom'1)

time scale ~ 1 ps

transfer of excitations from Fe to MgO mediated by strong
interaction of phonons at the interface at hQ = 15 meV

non-thermally populated
interface phonons

interface polaron?

hot hot high energy acoustic phonons,
electrons > | interface hybrid > thermalization of
In Fe phonons the heterostructure
<1ps >1ps

14



Towards table top soft x-ray pulses
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Conclusions

ultrafast photoelectron spectroscopy

dynamics at interfaces
analyze microscopic interactions in charge transfer
and transport at complex interfaces

access to buried media
back-/ frontside excitation of hot electrons
in Au/Fe/MgO(001)

separation of inelastic relaxation in Fe and Au
superdiffusive transport of hot e- through Au

ultrafast soft x-ray spectroscopy

normalized 2PPE intensity
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