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Future Directions in Hard X-ray Photoemission
Alexander X. Gray

Stanford Institute for Materials and Energy Sciences,
Stanford University and SLAC National Accelerator Laboratory, Menlo Park, USA

In this talk I will describe several new directions in the field of x-ray photoelectron spectroscopy,
made possible with the advent of third-generation synchrotron light sources and most recent
advances in the fields of x-ray optics and photoelectron detection. I will present several
case-studies wherein hard x-ray photoelectron spectroscopy (HAXPES) in multi-keV regime is
used to probe the bulk properties of complex thin-film materials and heterojunctions, which
would be otherwise impossible to investigate using conventional soft x-ray XPS [1,2]. I will then
present the first results of hard x-ray angle-resolved photoemission measurements (HARPES),
at excitation energies of 3 and 6 keV [3,4]. Compared to the traditional ARPES, carried out in
the UPS regime (20-100 eV), this new technique enables one to probe on average 10-40 times
deeper into the bulk. Finally, future applications of HAXPES and HARPES will be discussed.

A. X Gray et al, Phys. Rev. B 84, 075104 (2011).

A. X Gray et al, Phys. Rev. Lett. 108, 257208 (2012).
A. X Gray et al, Nature Materials 10, 759 (2011).

A. X Gray et al, Nature Materials 11, 957 (2012).
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ElZk D&, FeN D Isite D Fe [RFE 307 g, 1 site D Fe [RFIE 203 15D m, ZED ™, £z, CoN D 1 site D

Co JRFIE 1.97 . U site D Co JFFIE 149 15D m, ZED 2 CNEDIREFERH S, /1 \—TA2)LIEDFEINATLY
5. B 1 DEEELES CoFeN [IZHUWLVTIE, Fe [RF 1 EH-YD my, & 3 15 Co RF 1 BHYD m, £ 15 1 F2E
[T73 BT EhN, REHBICHERISN B, LHL. EEERDN 5155417 CosFeN SEIEMD Fe H&U Co [RF 1 {EHTI=YUD my, 1%,
TN |ESNTLVS FeN, CoN DIREF 1 {EHT=Y D my, DRESITAELY, COTEN G, SEINFEERTHL V=
CozFeN SEIED Fe KU Co JRFX. I site & I site DG TFHET B ENTRIEEIND, SEIDEERFERMND, /\—7
AR5 CosFeN Z1§571-8ICIF. FEAEREHDREEDLEMA LM EEST- Y,
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oy NSHEEERE(2010A3877, 201081738, 2011A3872, 201283804, 2013A3880)D 4. &, BARF HAIZCRAsstE SPring-8 BL23SU [ZTYTo1=,
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F@ #1 (CoFe)N DHESE—A+
£, ]
a=0.375 nm r c B ,
, F A Magnetic moment 1]
. ® ] Compounds Method  Reference
/ o / Fe(I site) (_ U Merp Mg Mga

O O O Zo(ll site)o

Co,FeN(Fe) 009 208 217 XMCD  This work

Intensity [arb. units]

Co,FeN(Co) 0.18 1.52 170 XMCD  This work

O / Fe,N - 229 - Calc. 11

’ Energysrelativ: to E;-z[ev] ’ CO4N - 161 - Calc' 12
1 /\—TA3)L CofFeN DFERIEE 2 CojFeN SEIED
HAXPES ARUKML
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