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Abstract
This article describes recent activities on inner-shell spectroscopies of atoms and molecules on beamline 27SU, nick-
named soft X-ray photochemistry beamline, at SPring-8, an 8-GeV synchrotron radiation facility in Japan. This beamline
provides linearly polarized monochromatic soft X-rays at the resolution higher than 10,000. The end station is designed so
that one can perform various kinds of excitation and de-excitation spectroscopies as well as coincidence spectroscopies.
Following the description of the beamline and the end station, we present recent results for inner-shell spectroscopies on
Ne, CO,, BF;, and CF,. Emphasis is given to illustrate the strategy of the research on this beamline and performance of

(2003)

the beamline and the end station.
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Figure 1. A schematic illustration of the multiple coincidence
momentum imaging apparatus. From Ref. 37.
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Figure 2. Circles: measured total cross section for photoionization

of Ne in the 1s excitation region. Thick line: least-squres fit, con-
voluted with a Gaussian with FWHM fixed to 66 meV. Thin lines:
contributions from the individual resonances, before the convolu-
tion. From Ref. 39.
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Figure 3. A part of the electron spectra of the resonant Auger tran-
sitions from the Ne 1s~13p state to the final Ne* of the 2p*(1D,)3p
2D, 2P and 2F states recorded at a photon energy of 867.12 eV with
horizontal (upper) and vertical (lower) polarizations. From Ref. 7.
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Figure 4. (a) Measurements of the partial cross sections to
2p*(1D,)3p, together with the fit of individual components. (b)
Branching ratios extracted from the measured electron spectra
(points), and from the corresponding fit (lines). From Ref. 39.
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Figure 5. A part of the electron spectra of the resonant Raman
Auger transitions to the Ne* 2s2p5(1P)3p 2P, 2D, and 2S states (line
numbers 1, 2, and 3, respectively) and to the Ne* 2s2p3(3P)3p 28,
2p, and 2D states (line numbers 4, 5, and 6, respectively) via the Ne
1s~13p state at a photon energy of 867.12 ¢V with horizontal (up-
per) and vertical (lower) polarizations. The thick lines are the
results of the fit, and the thin lines are the individual components.
From Ref. 40.

Table 1. Measured and calculated widths in meV for the 2s2p5 (1P,
3P)3p 28, 2P, and 2D states of Ne*
Experiment
Final state
This work ref. 53)

(1P)3p 2P 42+5

(1P)3p 2D 34+5

(1P)3p 28 530+ 50 410+50

(3P)3p 28 120+ 10 110+£40

(3P)3p 2P 19+5

(P)3p 2D 8010
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Figure 6. A schematic representation of the Renner-Teller pair
states split from C 1s~ 127z, I1,. The geometries of the 27, orbital
and the bending planes of the 4, and B, states are shown in the lower
part. From Ref. 41.
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Figure 7. Newton diagrams for the three-body break-up CO3*—
C*+0+*+0*. (a) for the excitation at the C ls—o¢* shape
resonance (312eV), (b) for the C 1s—>2m, excitation (290.8eV),
(c) for the excitation to the state with the bending motion perpen-
dicular to the E vector (i.e., B, in C,,), by 290.8-eV photons, and
(d) for the excitation to the state with the bending motion parallel to
E (i.e., A, in C,,) by 290.8-eV photons. The scale of contour plots is
linear and relative. From Ref. 42.

EE (R EHE T A & el E T A A A R AR E <

R ICI T [ OB 28 TR S /oA TV IE AN Y F L%
100), fRICHHEEE TR OB TR S o A 4/ IEA
N7 Fva 1(90), A RREE By IRED» SFREL T& 74
FVOREANY P [(A), I(B) L L, ThHOR
ERRD X SITHALT S -

I(Ay) +I(By) =1(0) +2x1(90). (6)

C 1s—2m, fhicid CO, & F 2 tHl & TEE J7 ) & [V /o &
TICHEINIC %, O & SRIEEARICEHRE LA 4
VBT, WXESEC CERFAHLEINS LD
ICRH L7 A1 RED SEREL TE 7oA A VO ADKEH S
, EXEIEEE AN CIRFAM LI SN S By REX D
DOfFHEA v id S hizv, 2 TIA) 5 I10) ~
DOl E o bEL

I(A4)=1(0) /a (7)
ald 1 KD/ SVETHERO T FOVF—ICFECHIC L MK

FL7\, (6), (7)) Kb IB) FEARDLH>ICEL
LW TES

1(By) =2 % 1(90) —%‘u(o» (8)

—77, ald I(A) RE~DRIO I r=1(A1) /[1(A1)



230

+I(B) ] ERD LS BARICH 5 -

) 1(0)
T UXTI0) +2x1(90)]

9)

RO e 7 1 EICEE L Ao A 4 R EHEE B & ek
ERAOGCTRET LI EPTE D, - T, 1(0) & 1(90)
T S IRA A EE R B THIES S & (7)-(9) %
AT Z 0Bl 7o A7 BV I(Ay) & I(B)) &
FAHLIENTEDL, COXIICL THELN/AC 1s—2n, i
AL LR IT 5 O BRiE B AX 7 RV I(Ay) & I(By) &%
Fig. 8(a) & (e)ITRd, [(By) AXZ FIVTIIREFIAH
145 meVEEOIRFIO T 7L v v g VRN FLRiC
BlHlENG, —J7, [(A) A7 PV TRITIER CIRE) A
HOIRBIO T 7 Ly v g VRNV FOBI IVF—HlC
DAEBNDL, ZOIREIEE # BRI 5 721 ab initio 5t
BTNz, #E% Fig. 8(b) L (D) ICEH TR, &
DOFHEN S [(By) A7 P IVOREES S H iR E <
BHHT Ehbrb, —T7, FHEICE S & IA) ~NDJifit
TIHJEAIREY 25 Fhitd S, IRBYO IR B ARIE X 0 LI
A7, IEBREE RN IS, D ab in-
itio FHETERBINTWWDIL I(A) & 1(B) & DOIEW
BHEETH D, CORRAFLIICID AT 7 DIC iR
PO & THEL 7= I(A) AT FvE I(By) AR B
FREEDE TEBRAXY FVOBHZRAI-DH Fig.
8(b) L (I TRLIZART FILTH B, AN
FVE XS BT AT L DIFM B & 5 B A A B A4
S TWBHET LR 5Y),

e

16 ( ]
8] ii;; ]
g ]

ry
(=N =]
L

Intensity (arb. units)

-
oo O,
Ll 1

(d)

290.0 290.5 291.0 291.5
Photon energy (eV)

Figure 8. Symmetry-resolved excitation spectra of CO,. (a) and
(c), Experimental excitation spectra I(A4,) and I(B,), respectively.
Thick solid lines, the results of the fitting with some Voigt profiles
given by the thin solid lines. (b) and (d), Theoretical excitation
spectra 1(A,) and I(B,), respectively. Thick solid lines, the spectra
calculated in the adiabatic representation. Thin solid lines in (d),
contributions from each vibrational component. Dashed lines, the
spectra calculated taking account of the non-adiabatic effect using a
simple approximation. See text for details. From. Ref. 43.
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Figure 9. The adiabatic potential surfaces along the out-of-plane
vibration mode with @; symmetry for the core excited 1s~12a; state
(solid line), the participator Auger final state (broken line), and the
spectator Auger final state (dotted line). The origin of the potential
energy is shifted arbitrary for each line. From Ref. 55.
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Figure 10. Electron spectra of BF; corresponding to the emssion
from the six outer valence orbitals. The resonant photoemission at
the B 1s—2a; resonance is compared with the direct photoemission
in the binding energy between 15 and 25 eV. From Ref. 44.
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Figure 11. Definition of the Dalitz plot. From Ref. 44. See text for
details.
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Figure 12. Dalitz plots for the three F* fragments produced from
BF3". Upper plot, recorded at the B 1s—>4e” shape resonance. Lower
plot, recorded at the B 1s—2a; excitation. Projections are taken for
the linear momenta of the three F* ions to the plane perpendicular
the linear momentum of the B* ion, recorded in coincidence. From
Ref. 44.
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Figure 13. Dalitz plots for the B* and two of the three F* frag-
ments produced from BF5*. Upper plot, recorded at the B 1s—>4e’
shape resonance. Lower plot, recorded at the B 1s—24j excitation.
Projections are taken for the linear momenta of B* and two F* to
the plane perpendicular to the linear momentum of the remaining
F+ ion, recorded in coincidence. From Ref. 44.
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Figure 14. (a) Total ion yield spectrum in the F ls excitation
region of the CF, molecule. (b) Yield spectra of energetic ions meas-
ured in the directions parallel and perpendicular to the polarization
vector of the light (solid and dashed line, respectively). (c) Pho-
toion anisotropy parameter £ extracted from the angle-resolved
spectra. The photon energies used in the Auger decay study are indi-
cated by arrows on the total ion yield spectrum. From Ref. 45.
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Figure 15. Angle-resolved electron spectra recorded across the F 1s
—ajresonance for 8 different photon energies indicated by arrows in
Fig. 14. The dotted line is the measurement with the electron spec-
trometer lens mounted perpendicular to the polarization vector of
the incident light, and the solid line is the in-plane measurement.
From Ref. 45.
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