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Desorption Induced by Electronic Transitions on the Surface of
Solid Rare Gases

Makoto Sakurai, Takate Hirayama’ and Ichiro Arakawa

Mational Institute for Fusion Science

*Department of Physics, Gakushuin University

Electron- and photon-stimulated desorption process has been extensively
investigated with the recent improvement of the experimental techniques. The
application of synchrotron radiation as the means of primary excitation, which enables
well-defined initial excitations, is a key to obtain detailed information on the
desorption processes. Desorption induced by electronic transitions (DIET) on the
surface of solid rare gases is of substantial interest in view of the characteristic feature
that excitonic process has much importance in the DIET of rare gases, which is the
extreme case of DIET where a comparatively thick bulk layer gathers up primary
excitation and channels it selectively to the surface, leading to desorption, In this
article, our experimental results on electron- and photon-stimulated desorption from
solid rare gases in both excitonic excitation and inner-shell ionization regions are
presented including the outlook over the field of DIET.
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Fig.1 Potential energy diagrams for the processes of DIET: a) MGR

model, b) Antoniewicz model.
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Fig.2 Resonance enhanced desorptive probability
vs resonance lifetime for atomic oxygen on
Pd(111) treating adsorption equilibrium loca-
tion with respect to the image plane para-
metrically. (from ref. 19)
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Fig.3 Photon-stimulated desorption from Ar (curve
a) monolayer and (curves b-d) multilayers
(1.5, 2.5, and 6.0 nm in thickness, respec-
tively) compared with (curve e) absorption of
a 2.3 nm layer. Arrows indicate the energy
positions of bulk and surface excitions (from
ref. 25).
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Fig.4 Ar" ion yield from solid argon. The arrows
indicate the threshold energies of the various
satellite states (from ref. 26).
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Fig.5 Schematic view of the plane grating monochromator (PGM) and the
vacuum chambers at BL5B of UVSOR. The first premirror is not

shown here.

Fig.6 Expérimental setup around the substrate.
The 'L’ shaped Cu block is attached to the
bottom of a cryostat.
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Fig.7 Schematic diagram of the TOF measurement system: (a) electronic
block diagram and (b) time chart for gating. The gate of counter is
controlled so that photon signals are excluded from the metastable

signals.
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Fig.8 Block diagram of electronic circuit for TOF measurement of
desorbed ions by pulsewise extraction.
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Fig.10 Ar PSD TOF spectra at a photon energy of
~ (a) 18.8 eV and (b) 12.2 eV. The center of
the photon peak is chosen as the origin for
the flight time measurement. The number of
accumulations is 2 X 10°and 2 X 10*for (a)

and (b), respectively.
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Fig.11 Typical TOF spectrum of ESD species from

the surface of solid Ar.

TOF A7 MUTH B, BEREIL 10007 FET, &
BOIREIL 25K Th 5, FhteH itk F Ot ©—
2 (B, C) DALEIZPSD DA (K10a) &1FiF
EEDMEEZR LTV S, RBERI T OEE) T RV
F—D2BHEOEEAFE > LV D T L3, B
FIFORMOBEN 2255 L2BHRLTYL
%o FIERINZEHETORRICE > T, Mt
DEFENRILZZEL00B, DT &id Neldlk
THAEIN TV S ** (K 12%), H1313E 7biT
R UTcHET, BREFERT DI 598 DO ASHE
WEERENARE LIERTH 5, ArEEDIE
IR Z A7 N VORGSO, BhiEFA X7
MLOSEABICEH N TV 5, K10, 11ICR 605 2
DO~ DiERIE, BIFOX S IZiBEhTY
5o

SeEhtEic & b A AEEFIC AR S 7z B HI
T, BIEEARCELERETH2HER
FERhEE T (Self-trapped exciton, STE) 1278523,
Z D STEZI A AT 1 BB LR AR D
D (atomic-STE, a-STE) & 20DREFIZE - 72
A4 <—RkDOHD (molecular-STE, m-STE) 2°
3, Nedk ArOEIKIZET % a-STEIZHHOR
HRABFOORNEZ, ZOFFHLERT L
UThiBtd 2, IBEOBRITES T 2 EE) R L
F—DEAMER, BETOERIFIVF—D 57



338

Neon

METASTABLE SIGNAL

Ar* signal {a.u.)

TIME OF FLIGHT

Fig.12 TOF spectra of metastable atoms desorbed
from solid Ne under primary excitation of
surface exciton (curve (2), hv=17.17 eV)
and of surface type 2p°3p excitations (curve
(1), hy=19 eV)(from ref. 34).
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Fig.13 Dependence of the Ar signal intensity on

the wavelength of light from 80 nm to 110
nm. The line is drawn as a visual aid.
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Fig.14 Petential energy diagram of solid Ar (from
C. T. Reimann et al., in ref 4, p.226).
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Fig.15 lllustration for excitonic DIET processes in

solid rare gases.
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Fig.16 Angular distribution of Ne' desorbed at the
incident energy of 100 eV. Open and solid
circles represent the intensity of slow peak
and fast peak observd in the TOF spectra,
respectively. Thickness of solid Ne is about
100 atomic layers.

(l T T T t
C) .
B Ne/ Xe i
=14
L 4
0
= (B) ‘
5 Ne/Xe
o 6=13
e
o
0}
T L -
Q
>
¥ b
=z
Nl ' o i
. . . S e .
| oo . LS .a: s
"" ‘.’.'v".- . .': : * .
Nerta i
1 N !

22220 19 18
photon energy (eV)

17

Fig.17 Desorption yields of Ne" as a function of a
photon energy. & is a thickness of a Ne
film on solid Xe.



340 mEtX ES5EHE4S  (19924)

THb, INEMELTTOFARY MUizR SN HITV, Ne DIRE & Buff L 7z Ne /R F OEE)
LB E— 7 ODAIE R 18D & 9 1E LT %, [4 IRIVF—-EDBHRIZOWTEIE LA,
FRORIE%R ArfEifk & KrEfA LD Ne#EIRIZDOWT 190 & H RSB, b, Xe, KriEDRE
O H AEWK LD Ne[§IdBEENE W E &z h
FhoREEOMEERTH, RENEL X522

NT, 7L 7 D NeDIEIZERINIE WO TWV 5,
Zhid, Ne/RGSEHABIZH VTS Nelpht2lR+
I3 CEBETINBEd 3 2 L A RBd 5%, i, S1
ETFORET 2 IILF—D 7 Mg &IERHER
FOEBEFHTRALF—DY 7 NBOHIZIZIF—ED
EERT, ZOZ &, BBRTFICESL o058
B) R LF — DRSIFRDS, BhEF DAERRT R L F —
LSHOBBIRE -1 E L DETH HETFE
BIRNFE =D 5L B LS CEREDRT
LHBELTVE, &2AT, NeE&TId TOF

ZARY NVDENE— 713 CERBICHR T 279,
Kr# Xe DEATIE, BElRIZH T 2 EFEHIN I
ECH B8, CEREREIC & BIMBEHI BB
Vo Kr# Xe DEIA D Ne Dt % CE#HE T3t
o A9 37201018, Ne® a-STENDFTIE5Z 5%

00 200 i BRBREEL D, ThERANICT BT,
e (us) BT OBFIBIZ I 51 5 RO 4 2 RTE0

Fig.18 TOF spectra of Ne' desorbed from Ne film’ MESFHZR % Z LS ERITE b,
on solid Xe by S1 excitation.
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Fig.20 TOF spectra of desorbed ions from solid rare gases: (a) Kr and (b)
Xe. The incident photon energies are 155 eV for (a) 100 eV for (b).
Mass to charge ratios of identified peaks A, B and C are 18 or 19,
28, and 40, respectively. The peaks 'D’ correspond to Kr* and Xe*

for (a) and (b), respectively.
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substrate temperature of 30 K.
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Fig.23 A mass spectrum of ESD ions from solid Kr

at an electron impact energy of 600 eV and
a film thikness of 120 atomic layers. Peaks
A-D are Kr', Kr¥, Kr*, and Kry*, respectively.
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Fig.25 Threshold region of Kr* desorption yield.
Arrows A-D show the energy positions of
4p~3 3d7', 3d7'4p7'nl, and 3d 4p~", re-
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desorption yields around the threshold
region in an expanded scale.
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