B H13EFE2E  (20005)

171

IR T O T & RO 2 A4 ﬂ” 77<

—BCLIHU 3 B 1s BiED%H—
kMR, FRME—ES, R BT

HALK B IR ST

Electronic Decay and Dissociation Dynamics of Core-excited Molecules
—B 1s Excitaion of BCl;—
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As an example of our recent research work on electronic decay and dissociation dynamics of core-excited
- molecules; we have reviewed the case for B 1s excitation of BCl;. We demonstrate how we disentangle the
..complex nmomqm after core excitation of malecules using. angle—resclved electron and. ion spectroscopy . .-
and the electron-i -ion coincidence techmque, together ‘with some. theoretical calculations. Emphasxs is given
“on the nuclear motion in the core-excited states and its effect on the molecular chssocmtxon after Auger :
: decay, as well as its reflection in the Auger electron spectrum :
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Figure 1. Schematic energy diagram of the valence and some core

orbitals of BCl;.
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Figure 2. The ion yield spectrum of BCl; in the vicinity of the B 1s
threshold.
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Figure 3. The electron emission spectra of BCl, recorded at sever-
al photon energies which cross the B 1s—4e’ excitation.
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Figure 4. The ion yield spectrum of BCl; in the vicinity of the B
Is—2a; excitation.
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Figure 5. (a) The electron spectra of BCl; in the binding energy
range between 11 eV and 19 eV, recorded at two photon energies; at
194 eV (thin line) which is far from any resonances and at 192.5 eV
(thick line) which corresponds to the B 1s—2a; excitation energy.
(b) Angular anisotropy parameters 8 for valence photoelectrons of
BCl,, recorded at photon energy 194 €V, i.e., off-resonance. (¢) An-
gular anisotropy parameters § for resonance-enhanced valence pho-
toelectrons of BCl,;, recorded at photon energy 192.5¢V, i.e., B
1s—2a; excitation.
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Figure 6. (a) The spectator Auger electron spectrum of BCl; in
the binding energy range between 20 eV and 30 eV, recorded at pho-
ton energy 192.5 eV, i.e., the B 1s—2a; excitation. (b) The angular
anisotropy parameters B for spectator Auger electrons of BCl,,
recorded at photon energy 192.5 €V, i.e., the B 1s—24; excitation.
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Figure 7. The energy-selected ion time-of-flight spectra of BCl;,
recorded in coincidence with energy-selected electrons, at photon
energy 192.5 eV, i.e., the B 1s—24; excitation of BCl,. (a) Ions at ki-
netic energy ~0 eV, with resonant enhanced valence photoelectrons
at binding energy ~16 €V in Fig. 5. (b) Ions at kinetic energy ~0
eV, with spectator Auger electrons at binding energy ~25 eV in Fig.
6. (c) Tons at kinetic energy ~3 eV, with spectator Auger electrons
at binding energy ~25 eV in Fig. 6.
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Figure 8. (a) The energetic (>5) ion yield spectra of BCl, record-
ed in the direction of 0° (solid line) and 90° (dotted line) in the vi-
cinity of the B ls—24; excitation. (b) The angular anisotropy
parameters § for energetic (=5) ions.
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Figure 10. The ion yield spectrum of BCl; in the vicinity of the B
1s—4e’ excitation. The solid line corresponds to the theoretical cal-
culation based on the vibronic model.
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Figure 11. The electron emission spectra of BCl; in the binding

energy range between 11 eV and 19 eV, recorded at two photon ener-
gies; at 196.9 eV (thick line) which corresponds to the top of the B
1s—4e’ resonance and at 196.5 (thin line) which corresponds to the
foot of the B 1s—4e’ resonance. See Figs. 3 and 10.

BAUNGA—Z—FRETHrERE LI ERE
Fig. 12ic77° 3, #EET Fig. 1LCR L-BEIC B 55
DEERESTED, Ny 7750 FIRER N THRW,
2¢ 12 B Is—4e’ BHiEIC & - TREMH LT S ERED §
Bo 26 U — 7 OREREEE S T EARNIC T BB S O
ADGEY, BEZIFEAEYO, 2%, SEHHLET
B & 755 T b, 3¢ +1e" 13 B ls—de’ iz k- T
DICEREDPH TR, TOHMEPRK L EIHFOILFIIVF
—i3 B ls—de fifEEO Y —27 h bE I xovFE—flic$hiz
20O - ORMBICHIG L TWA RICHEEH LT
LW, BIEIRCOMESE{LEL & D FERELICLAL LD
IZ, MENMEZ 0B/ 35 8B /202D
T 5, Bls—de FIEOBEDL, B ls—2q BiOHE LH
BRIC, ERIBIE SN BFRBEEG &S ERL S 5
ZERFER I NI TH B,

4.2 B is—de HIBA — 2 o BIREEN D D A A P iREk
Figure 13(2) 13 B 1s BT % 4¢’ IChiE L7z BRIC IR
IBINAEFELIOLFE—216 eVIEEORETF (EIT 2¢)
EEB T IVF - 0 eV I DOMREEA A/ & ORIFFEHA
AR FIVTH B, BCl 4 A VDABPBREI NS, B
IR L 7o RET &EB) T R IVF—2358 3 eV OfifsiA 4
EORBFEBIIT A RSN - /-, Figure



178
o[ sh @ 4o} @
| - Q. 5 3
A1 ° ™
%o' -' O'].I.il!
= b e
g2 2eI - . (b) 05 (e) }
s ° e . ] o0
31 - - 0Fr
@ 0 t -0.5 =
= % (C f
% 2 L] ° ° (') 1 '()- ®
- P Q. = f oy
1r3e’+le 0.5
0

196.6 197.0 197.4
Photon Energy (eV)

196.6 197.0 1974
Photon Energy (eV)
Figure 12. Evolution of the intensities and the g values for photo-
electron bands, 3¢’ + 1e”, 2¢” and its shoulder structure, indicated by

horizontal bars in Fig. 11, in the photon energy region which crosses
the B 1s—4e’ excitation.
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Figure 13. The energy-selected ion time-of-flight spectra of BCl;,
recorded in coincidence with energy-selected electrons, at photon
energy 196.9 eV, i.e., the B 1s—4¢’ excitation of BCl,. (a) Ions at ki-
netic energy ~0 eV, with resonant enhanced valence photoelectrons
at binding energy ~16 eV in Fig. 11. (b) Ions at kinetic energy ~0
eV, with spectator Auger electrons at binding energy ~30¢eV (see
Fig. 3). (¢) Ions at kinetic energy ~3 eV, with spectator Auger elec-
trons at binding energy ~30 eV (see Fig. 3).
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Figure 14. (a) The energetic (=>5) ion yield spectra of BCl,
recorded in the direction of 0° (solid line) and 90° (dotted line) in
the vicinity of the B 1s—4¢’ excitation. (b) The angular anisotropy
parameters f for energetic (>5) ions. (c) The partial cross sections
ce’ and oa, for the B 1s ai—¢’ and 1s a;—a; transitions. See the text
for details.
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Figure 15. Comparison between the experimental and theoretical

participator Auger spectra of BCl; at the B 1s—4e” excitation. The
experimental spectrum (open circles) is obtaiend by subtracting the
off-resonance spectrum from the on-resonance spectrum given in
Fig. 11. The theoretical spectrum (solid line) is calculated using a
vibronic model.
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Figure 16. The adiabatic potentials for the core-excited states B
1s~14¢'E" and B 1s~13a14] and for the final ionic states 2¢'~1E’ of
the participator Auger process, plotted as a function of w!/2Qy ¢,
where Qp_¢ is one of the coordinates of the asymmetric stretching
mode Q, and its positive direction corresponds to the elongation of
a certain B—Cl bond length. w is the frequency of the Q, mode
(hw=0.118 V).
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