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Photoelectron Spectroscopic Study of the Core Exciton
in Alkali Halides

Kenjiro TSUTSUMI

College of Engineering, University of Osaka Prefecture,
Mozu, Sakai, Osaka 591

The decay of the core exciton in alkali halides was investigated by measur-
ing the constant-initial-state (CIS) spectrum and the constant-final-state (CFS)
spectrum. Two decay processes for the core exciton were proposed and the
decay probabilities through them were estimated. The relaxation of the core
exciton in lithium halides was observed. Two peaks were observed in the CIS
and CFS spectra of NaCl and NaBr. The higher-energy peak was interpreted
as originating from the decay of the bulk core exciton, while the lower-energy
peak was interpreted as originating from the decay of the surface core exci-
ton.
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Fig.1 (a) Fluorescence spectrum of LiF sin-

gle crystal is shown by dots. The Li
K absorption spectrum of LiF obtain-
ed by Haensel et al. is also shown
by a broken line (Ref. 3).

(b) The fluorescence spectrum of LiF
single crystal (dots) is shown in the
energy range of 41-65eV with the Li
K absorption spectrum (broken line).
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Fig.2 Set of photoelectron spectra of LiCl
excited with photon energies around
the excitation energy of the Li Is core

exciton. Intensities are normalized to

the incident photon flux.
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Fig.3 CIS spectrum measured at the initial
binding energy of 1.4eV, CFS spectrum
with the final kinetic energy of 47eV,
and the Li K absorption spectrum ob-
tained by Haensel et al. (Ref. 3).
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Schematic illustrations of nonradiative
decay processes of the Li Is core ex-
citon. (a) Ki(exciton)—V process of
which the final-state configuration in-
volves one hole in the valence band
and one electron in the continuum
state. (b) K(exciton)—VV process of
which the final-state configuration in-
volves two holes in the valence band,
one electron in the bound state, and
one electron in the continuum state.
The arrows show one of the possible
electronic transitions resulting in the
final-state configuration,
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Fig.b Peak positions of the main Auger peak
of LiF (a), LiCl (b), and LiBr (o)
as a function of photon energy. Ordi-
nates indicate the increment of the ki-
netic energies from the ordinary K-VV
Auger peak. Arrows indicate the tran-
sition energy from the Li Is level to
the bottom of the conduction band
(Ref. 8).
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Table.1 Decay probability of the Li Is core
exciton through the K{(exciton)—V
process and the K(exciton)—VV pro-
cess.

LiF L1Cl LiBr

K (exciton)=V 0.09 0.14 0.19
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Fig.6 Set of photoelectron spectra of the va-
lence region of LiCl excited with pho-
ton energies around the excitation en-
ergy of the Li Is core exciton. Inten-
sities are normalized to the incident
photon flux.
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Fig.7 Comparison of the spectral profile of
LiCl measured below the onset of the
Li Is absorption (56.6 eV) with that
taken at resonance (60.7 eV). Dotted
and solid lines indicate the spectra
taken at 60.7 and 56.6 eV, respectively.
Linear background was subtracted
from both spectra.
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Fig.9 CIS and CFS spectra of NaC! obtained
at the incident angles of 0° (dashed
lines) and 45° (solid lines), and the
Na L., 3 absorption spectrum. The ver-
tical lines are drawn at the L,— and
Ls—core exciton peaks. The peaks B,
Ss, and Sp originate from the bulk-
core exciton and the surface-core ex-
citons excited by s-polarized and p-
polarized components of incident pho-
tons, respectively.
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Table.2 Decay probability of the Na 2p core
exciton through the L, (exciton)—V
process and the L, (exciton)—VV

process.
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Fig.10 Peak positions of the main Auger-elec-
tron peak of NaCl (a) and NaBr (b)
as a function of photon energy. Ordi-
nates indicate the increment of the ki-
netic energies from the ordinary Lg;—
VV Auger-electron peak. Arrows indi-
cate the threshold for transition from
the Na 2p level to the conduction band
(Ref. 8).
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Fig.11 Schematic illustrations of the relation between photons incident on the sample surface
and ejected electrons (the entrance axis of the electron-energy analyzer) at the incident

angles of 0° (a) and 45° (b).

BLTWT, ZOE—=7hvvy 0N TIC
BHRTH2HDTHLCEARLTV S, —F, %
OE = 2 v F—AICEllE N5 E—271F, o
AFBICONTS, ZOTxVF-ALHE, BED
WAL Z =7 b vdD Ly Wk F1c & 2N & —
7 E—HLEWEPDD, AFADENICE > T
T -7 AE, -7 BICHT 2MEMEE, B2
K15 EDERIL - T B,

X121C NaCl @ CIS, CFS, WIN = ~%7 bivd
BEREEARTE Y, cnoDR <y VA
B 0 THIES N/ bDT, HTEEEED
BAREFREE (LNT) O, mffE=ER (RT) T
DRERERTH b, CIS, CFS AT p D —
7 Bid, Wz ~<2 brd L, NEEFIEFic L 5
W =7 &L xovF—flE, ZOREICLE®
FEEOIC—HLTVT, N D L, Nk
FICEkAPE— I THAETEARLTV S, L
L, ExxzuvF—fllor—sico0Tlid, BN
N7 oD Ly B FIic K AN e — 7 &
FNOREICENTS, Tr0FE—(IE, FRDL
—HLHEWED» DD, BE—-7ICAhoN5EE
I B80S, CIS, CFS A7 h LvDE -/ T
FED 510,

LIk, chonz~<y hVIcR SN D BERE
M, BEKREHEIODE—-27BRE/SVvsO L, W&
e FIciER L T0 508, ZOET 2 vF— o

e, SO Ly NERRET & o7, Bl
DEDTHHEEZEZEBHEBLV, BT, DI

>
P....
N
s
w
i_.
z
10
'E
~45 ©
e
=
TSR TR S TR TSN SN NN WONNNE S AU TS S TN TN SN NN S S
31 32 33 34 35

PHOTON ENERGY (eV)

Fig.12 CIS spectrum with the initial state at
the peak of the valence band, CFS
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sponding to the kinetic energy of the
Auger electron, and Na L, ; absorp-
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dashed lines represent the spectra ob-
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