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Fig. 1. Schematic illustration of the W atom 2p-3d reson-

ant inelastic X-ray scattering (RIXS) process with its ini-
tial, intermediate and final states shown from left to right:
(a) Via the 2p~15d intermediate state, during which ab-
sorption and scattering are inseparable; (b) via the 2p~led
intermediate state, manifested as a two-step process of ab-

sorption and emission.
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Fig. 2. Schematic illustration of the von Hamos spectromet-
er, set to measure photon energies around 8397 eV. The en-
ergy dispersion direction is indicated by the color gradient
of the X-ray beam, with red representing lower photon

energies.
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Fig. 3. (a) Elastic scattering spectra measured at different
incident photon energies; (b) each peak corresponds to a
distinct position on detector along the energy-dispersive
axis of the spectrometer. The dispersion relation derived by
fitting the peak positions from panel (a) to panel (b), estab-
lishing the energy calibration function.
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Fig. 4. (a) Two-dimensional RIXS map near the W-L; ab-
sorption edge (10208 eV); (b) corresponding energy transfer.
The white dashed line indicates an emission photon energy
of 8397.6 eV, corresponding to the ionization of a 2p elec-
tron and the formation of a 2p~led intermediate state. In
this process, the emission energy remains constant as the
incident photon energy increases, leading to a progressive
increase in energy transfer. The black dashed line indicates
a constant energy transfer of 1809 eV, corresponding to the
2p-5d resonant scattering process via a 2p~15d intermedi-
ate state, where the emission energy increases with increas-
ing the incident energy while the energy transfer remains
fixed.
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Fig. 5. Fluorescence spectra of WSi, excited by incident
photon energies from 10206 to 10222 eV, corresponding to
the vertical cut shown in Fig. 4(a). The blue dashed line cor-
responds to the 2p-5d resonance fluorescence peak (Peak A);

the red dashed line corresponds to the non-resonance fluor-
escence peak of W-Lay at 8397.6 eV (Peak B).

550 @0 AR 2, HERFD % 2l
£ Loy, At B IR AR 28 Y B i 28 e it (DLIRT 7 41
M £R), DBl AR 38 43 2 6 7 &k (partial
fluorescence yield). MKl 4 fIE 7 o LLF H, BT
HERFD R T Loy ORI, ffif5 defRic
ASAFTEINBUR], I T RedE 29, W/ T 259
FFATRETERE. XF LUl 7 HR AT e TSR LR 2k
FEAE AR A5 B . A 4 A ) 1 BE L,
WS, 8l H ) W-Ly 134k 7E HERFD 5% £ 8
R BSOS E . (EA T A2, HERFD
FUTEY #5012 kG JEEAFE S 3500 17 I IS0 i 3
N, RIBLIE 7 B AT SR AN R

A (1) AT %0, M ASHERER, (XU &
N NN = ST BT A N A D 0 o e 9 8 W

183201-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 18 (2025) 183201

T Gh RE R A S5 2/ HEROS A1, FIHT
X Kramers-Heisenberg 5 #¢:
Ixgs (hwz)
N /oo hwy  (|Ei| — |EX]) (B + |Ei])
o | (E+ B - hw)® + I2/4

X IXAS(E)5 (hwl — |Ef| —F - hUJQ) dE, (3)

AT HEROS i HE 1 XAS . FAH) XAS %
AT DA AR 75 5 e S () R, B8 b3 ] DATE BR
F MR ; o Ixps (R ) FoREFHGRE, Ixas(E)
REFVE RO EHTRERE E R XAS J6iE, I
VRS RTE, BERVIARER, ERRKSHENR,
E A AR TFRMREH, KRS H& X
5 (1) KPR K 8(b) AT AF 1, A TR 7
H S P R S A AR S B i A Y
WG i 2RI 178 X2 K o HERFD-XAS
2R TE B A MR MACBEONE () ). R A2 A

A f;?\B\
1
;
1

1
1
;
10222 eV '
1
1
1
!
1
1

/
©,
I
/
[
b
¢ !
!
i
[

M
10220 eV RS *ovcenced
10218 eV /

w

i

A
A

wn
2
g 10216 eV o
e J:,po‘ ! b\.
3 !
2 102146V & e L
@
=]
2
=
= |10212 eV i ue,
bosssccessccscsees® p
1 gia
- e
10210 eV (J
beccscscssssscsces® S®%eccecessccccsseed

10208 eV

10206 eV

oo®

1785 1800 1815 1830
Energy transfer/eV

P 6 WSiy 7£ 10206—10222 eV A SGARER B % T LIRE R
W R M AR AR BTG, XL 4(b) T R 2k 20K Lk
51& 5 i SCHTR

Fig. 6. Fluorescence spectra of WSi, excited with incident
photon energies from 10206 to 10222 eV, displayed as a
function of energy transfer, corresponding to the vertical
cut shown in Fig. 4(b). The red and blue dashed lines rep-

resent the same as those in Fig. 5.
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Fig. 7. Total fluorescence yield (TFY) spectrum and high-
energy resolution fluorescence detected (HERFD) spectrum
in fluorescence mode. The high-resolution HERFD spec-
trum is obtained by integrating the X-ray emission spectro-
scopy (XES) data within a 0.6 eV energy window (8397-
8398.4 €V) centered at the W Laj (LsMs) fluorescence
line at 8397.6 ¢V (indicated by the white dashed line in
Fig. 4(a)). Notably, the integrated energy window is much
narrower than the natural linewidth 7.2 eV of the initial
state. The TFY-XAS spectrum, on the other hand, is ob-
tained by integrating the XES intensity over the entire W

Loy (LsMs) emission range.
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Fig. 8. (a) Off-resonant X-ray emission spectrum (HEROS)
of the sample recorded at an incident photon energy of
10172 eV; (b) reconstructed X-ray absorption spectrum
(XAS) at the W-Lj edge with Eq. (3).
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Abstract

With the advancement of synchrotron and free-electron laser, X-ray quantum optics has emerged as a novel
frontier for exploring light-matter interactions at high photon energies. A significant challenge in this field is
achieving well-defined two-level systems through atomic inner-shell transitions, which are often hindered by
broad natural linewidths and local electronic structure effects. This study aims to explore the potential of
tungsten disilicide (WSi,) as a two-level system for X-ray quantum optics applications. Utilizing high-resolution
resonant inelastic X-ray scattering (RIXS) near the W-Lj edge, in this work, the white line of bulk WSi, is
experimentally distinguished, overcoming the spectral broadening caused by short core-hole lifetime. The
measurements are conducted by using a von Hamos spectrometer at the GALAXIES beamline of the SOLEIL
synchrotron. The results reveal a single resonant emission feature with a fixed energy transfer, confirming the
presence of a discrete 2p-5d transition characteristic of a two-level system. Additional high-resolution XAS
spectra, obtained via high energy resolution fluorescence detection method and reconstructed from off-resonant
emission (free from self-absorption effect for bulk WSi, sample) method, further support the identification of a
sharp white line. These findings demonstrate the feasibility of using WSi, as a model system in X-ray cavity

quantum optics and establish RIXS as a powerful technique to resolve fine inner-shell structures.

Keywords: X-ray quantum optics, inner-shell transition, resonant inelastic X-ray scattering, two-level system
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