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Outline

* Motivation
* Objectives

 Methods
 The BESSY-Il synchrotron facility and EMIL laboratory
* Preparation and transport of samples

* Results
* X-ray photoelectron spectroscopy with soft and hard x-rays
* Near edge X-ray absorption spectroscopy fine structure (XAS-NEXAFS)

e Conclusions
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MOTIVATION HZB

* Na-K-Sb photocathodes are the choice for several linear accelerator and test
facilities

 G. H. Hoffstaetter et al., 10.18429/JACoW-IPAC2018-TUYGBE2
 W.H. Li, C.J. Duncan et al. Struct. Dyn. 9, 024302 (2022);

* SeeninJonas Dube’s talk on Monday, J. Dube et al. Phys. Rev. Materials, 10 (7),074601(2026)

» Facilities that foresee the use of Na-K-Sb photocathodes

 DALI - Dresden Advanced Light Infrastructure - Helmholtz-Zentrum Dresden-Rossendorf,
HZDR

« J.H.Lewellenetal., 10.18429/JACoW-NAPAC2022-TUYD3
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SAMPLE PREPARATION: PHOTOCATHODE LAB
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Dube et al., J. Appl. Phys. 138 (2025) 045704.

* Na, K

10 per effusion cell
e stablein air

e QCM calibration

Wang, C. et al., J. of Phys. D: Applied Physics 59.7 (2026) 075102.
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MOTIVATION

Photocathode Growth, 2025-11-26 12:35, TWH31
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Dube et al., J. Appl. Phys. 138 (2025) 045704.
Wang, C. et al., J. of Phys. D: Applied Physics 59.7 (2026) 075102.
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MOTIVATION
Photocathode Growth, 2025-11-26 12:35, TWH31
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Beam run
or radiation
exposure

Vacuum Exchange Gun or
suitcase system Endstation

Photocathode film
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OBJECTIVES

KSb? NaSb?

2026-09-22

HZB

* Model the composition profile of Na-K-Sb
photocathodes

* Experimental verification of structural and
electronic properties
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PHOTOCATHODE LAB
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Dube, et al., Phys. Rev. Materials 10.7 (2026) 074601.
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 Vacuum level < 1E-10mbar

* height adjustable for different purposes: Growth, PhoTEX, EMIL

 Manipulator with bellow instead of transfer arm: better vacuum during transfer motion
* Pincer for omicron flag-style sample holder

« Sample garage with 4 slots

. QF measurement via anode TWH31: QE = 3% after transfer to EMIL!

e UPS for gauge, IGP and QE-measurement
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Measurements results
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B
XPS RESULTS

TWH31: Na-K-Sb photocathode, photon energy = 830 eV, after Shirley subtraction

Measurement
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HZB ;Ieerlmrtrmomltéerlin

XPS measurements with
varying photon energy:
370 eV to 4660 eV

IMFP from 0.5 nmto 10 nm

Allow to extend the probed
depth beyond the limits of
laboratory sources (1254 -
1487 eV)
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XPS RESULTS HZB ..
TWH28 Sb-K
294.00 - °
* Peak position of the K 2p;, as a 293.95 -
function of photon energy (ref. to % 558 55+
Au 4f) 2 20305
* Lower BE for higher photon 2 o
energy §-293.8O .
» Possibly connected to the m 29375 -
formation of potassium oxides on % 293.70-
the surface 293.65 - o
* Verified in controlled oxidation — — . — -
experiments in the photocathode _ Photon energy (eV)
ab Surface
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XPS RESULTS

HZB

* K/Sb ratio as a function of photon

TWH28 Sb-K, corrected with TF, cross section and IMFP
K3Sb with density of 2.618 g/cm”™ 3 was used for IMFP calc
? -®- K2p 3/2/Sb 3d 3/2
energy | | ;
* Calculation of the ratios done by the 81 N
following formula n
64 I |
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. e :
A e
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* At high photon energy K/Sb—>3
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NEXAFS HZB
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NEXAFS RESULTS: SODIUM K-EDGE HZB

* Na*K-edge (1070 — 1100 eV)
main transition:
152 3p° = 1s! 3p!

6V
]

* MPD=3 nm
* Na-K-Sb spectra much richer
2" than Na-Sb

* NaK,Sb — Na,KSb spectra
appear markedly different
 K-edge reproduces the

—

Normalized absorption (arb.u.)

— TWH29, Na-Sb

— TWH29, NaK,Sb-like features of the DOS reflecting
0 TWH31, Na,KSb-like the hybridization of metal and
1070 | 1080 | 1090 Iigand ions

Energy (eV)
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NEXAFS RESULTS: POTASSIUM L23-EDGE HZB

* K*'L,;-edge (295 - 305 eV)
main transition:
2p°3d° > 2p-3d!

* MPD=2 nm

* Strong difference between
the Na,KSb sample and the
others

Normalized absorption (arb. u.)
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_ o P
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NEXAFS RESULTS: POTASSIUM L23-EDGE
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CONCLUSIONS HZB Helmholtz

Zentrum Berlin

Conclusions and future work

* Experimental results:
 Complete XPS characterization of Na-K-Sb samples with different probing depth
* First XAS characterization of Na-K-Sb photocathodes at many relevant absorption edges

* Next steps:
* Multi-layer modeling of oxidized Na-K-Sb to reproduce depth dependent XPS (SESSA)
 Comparison of XAS spectra with DFT and multiplet calculations (coll. FSU)
 Comparison of XPS valence band spectra (not shown) with DFT calculation (coll. FSU)

* Focuson:

 Sample degradation during the measurements
* diagnostic tests performed during beamtime

* Lack of literature references for Sb L-edge and for alkali oxides K and L edges
* reference spectra of Sb, Na-Sb, K-Sb collected

2026-09-22 A. Galdi | PhASE 2026 | IJCLab, Orsay, France 25



NEXAFS RESULTS: SODIUM K-EDGE
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 K-edge spectral features reproduce the
ones of the DOS of the material
* Features corresponds to both Na and Cl

states (p-DOS)
* Reflects hybridization of metal and

N T N (39 ligand ions
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Dube et al., J. Appl. Phys. 138 (2025) 045704.
Wang, C. et al., J. of Phys. D: Applied Physics 59.7 (2026) 075102.

Photocathode Growth, 2025-11-26 12:35, TWH31
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MOTIVATION

Photocathode Growth, 2025-11-26 12:35, TWH31
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Wang, C. et al., J. of Phys. D: Applied Physics 59.7 (2026) 075102.
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MOTIVATION
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Dube et al., J. Appl. Phys. 138 (2025) 045704.
Wang, C. et al., J. of Phys. D: Applied Physics 59.7 (2026) 075102.

Photocathode Growth, 2025-11-26 12:35, TWH31
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NEXAFS HZB

Auger electron g

States
A
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
S
\
|

Unoccupied
Electronic

A S S K-edge |
e . . . Furescen Resonant absorption from 1s
. state
%g 2 ® ® o ® P PN
§§3 5\5\, * Na* K-edge (1070 — 1100 eV)
o ( main transition:
L, \O .- . . ./ 152 3p°% = 1s! 3p?
Photo-absorptionFI Excited State Relaxation ° K+ K_ e d g e (3 60 5 _ 3 62 5 eV)

 Sample main transition:

Transmission

; AR 1524p0 % 1514p1

X-ray Probe

DrTeuin Current

Electron Detection * . (Total Electron Yield)

(Total, Partial or Auger Yield)
2026-09-22 A. Galdi | PhASE 2026 | IJCLab, Orsay, France 31



NEXAFS HZB
Auger electron
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XPS RESULTS

TWH31 Na2KSb, density = 3.129 g/cm”™ 3, K content
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HZB

TWH31 Na2KSb, density = 3.129 g/cm”™ 3, Na content
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