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Control of laser desorption using tunable single pulses and pulse pairs
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We desorb ground state Br and spin—orbit excitetl 8oms from KBr single crystals using single
pulses and sequential pulse pairs of tunable nanosecond laser radiation. Irradiation of cleaved KBr
crystals near the bulk absorption threshold produces hyperthermal Br emission without a significant
thermal component, and with little spin—orbit excited*Bemission. The Br kinetic energy
distribution may be controlled either by choice of photon energy or by excitation of transient defect
centers created within the crystal. In this latter scheme, a first laser pulse generates transient centers
within the bulk crystal and in the vicinity of the surface, and a second delayed laser pulse then
excites the transient centers leading to atomic desorption. ThédBBr yield ratio is significantly
enhanced using two-pulse excitation as compared to resonant single-pulse desorption. Single and
multiple pulse excitation of KBr produces Br and*Bin controllable quantities, velocities, and spin

state distributions. €2002 American Institute of Physic§DOI: 10.1063/1.1467345

I. INTRODUCTION ent control’ on metal and semiconductor surfaces. Recent

Modification of the structure and properties of insulatingexpe”rnlellnltf)sls_cz’;1 laser ~induced desorption of alkali
i lide$1#+15 have stimulated further studies of laser

surfaces by electronic excitation has for a long time beed'® _ g -
largely a brute force experience. Among various other phecontrol of these processes on wide gap insulators. In particu-

nomena, irradiation of these materials by relatively low en-ar, it has been showh®" that, by carefully choosing the
ergy electronsy, X, synchrotron, and ultraviolgtJV) pho-  €Xcitation energy, it is possible to induce preferentially one
tons can induce surface decomposition and emission dhechanism of atom desorption and achieve selectivity in
particles in different charge and electronic states, and witpoth kinetic energy and electronic state of desorbing bromine
different velocity distributiongsee, for example, Refs. 1}9 atoms from KBr[either the ground state BiP,,), hence-
This irradiation is mostly absorbed inside the solid and onlyforth Br, or the spin—orbit excited state BR;,), henceforth

a minor part of it is manifested in desorption. A more gentleBr* ]. It was demonstrated that the velocity and the electronic
approach is used in photoinduced desorption of individuaktate distributions of desorbing Br atoms strongly depend on
surface atom$ specifically targeting surface chemical photon energy. For example, excitation at 6.4 eV, just below
bonds, and in surface-aligned photochemiSttyaiming to  the bulk exciton maximum at 6.6 eV at 300%K|ed to de-
avoid surface exmtag&n altogether. Recently lasers anq Oth%rorption of almost exclusively hyperthermal Br atoms with a
UV photon sourc have also been used to selectively n,rro\y velocity distribution, whereas the excitation with 7.9

e?cr:e partlpular s_urface feature; and tofstud)(/j the conversiog,, photons produced Br and Bratoms in both broad ther-
of electronic excitation energy into surface decomposition, o4 -0 hyperthermal components.

molecular dissociation, and formation of chemically active : . .
y Another goal of reaction control research is to achieve a

surface sites. . . . )

. better understanding of the reactive mechanism. In particular,

An issue key to all of these processes concerns the posé_everal mechanisms of photo- and electron-stimulated de-
sibility of active control of the yield and properties of pro- P

duced species. As discussed in a recent reblaw,applica- sorption of alkali halides have been discussed in the
tion to photostimulated desorption processes, one Hterature‘."15'23‘27AIthough different in detail, all of them

consider mainly incoherent control strategies where the maifcknowledge the primary role of excitons initially created in
control parameters could be the photon energy and fluencé1€S€ materials by both types of irradiation. According to a

There have been several successful applications of incoheffl€oretical model developed in Refs. 15, 23, and 24, hyper-

thermal Br desorption is caused by decomposition of an ex-
) citon created in a very thin surface layer into a desorbed Br
dAuthor to whom correspondence should be addressed; electronic mail: d £ | hal h
wayne.hess@pnl.gov atom and a surface F centgreutral halogen vacangyThe

YElectronic mail: a.shluger@ucl.ac.uk thermal component of desorption results from secondary
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products of decomposed excitons in a thicker region near the¢ a) Bulk v, center b) Bulk F and H centers
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nents can be due to the preferential excitation of surface

excitons. However, surface excitons are very elusive specie

that have not been directly observed in alkali halides. Their Br,
existence has been inferred in recent studies of photoinduce )
desorption from K}*2°and KBr!®>?!energy loss of low en- Q ©
ergy protons on the LiF001) surface?® and photochemistry

of ethene on NaCl crystallité$(see also the discussion in

Ref. 29. The results described above suggest that photoin-

duced surface processes uniquely manifested in the elec O@ @
tronic state and speed distribution of desorbing Br atoms @
O®

surface.
Therefore the observed selectivity in desorption compo- Q \} O
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should have different scenarios depending on whether exci .
tons are produced directly in the top surface layers or within
the bulk, several layers from the surface. If this assertion is @ Q ® @
confirmed, such differences suggest methods for controlling
these surface processes. O \J O \J Q
In this paper we exp!ore t.he mechgnisms of laser control o, 1 ansition state for bulk d) Surface H center and bulk

of solid-state photoreactions in KBr using frequency selected  H center diffusion V, center
laser pulses and sequential pulse pairs. On the basis of our
recent measurements and theoretical calculations we assufi@- - Schematic diagram of bulk and surface defects involved in photo-
that sinale bhot f55-6.5 eV lectivel induced desorption of KBrta) V center;(b) F and H centers(c) transient

_a singie photons ot 5.0-6.5 € ' energy C".’m Seleclively €Xgarrier state for H center diffusion along th@&l0 crystal axis; and(d)
cite surface or near-surface excitons, leading to almost eXurface H center leading to thermally activated desorption. Note that the
clusive desorption of the hyperthermal Br atoné! An- surface H center is oriented perpendicular to the surface plane and corre-
other approach exploits a pump—pump scenario widely useﬁaonds to adsorption of a Br atom on a Bsurface site. Also shown ifd)

in coherent control experiments. Generally soeaking. the se is a V, center(Br;~ molecule occupying anion—cation—anion lattice sites
P ) y Sp g, %Iong the(100 axis. Larger white circles represent Bions). The color

ond pulse can be used to excite some of the relatively 10nGcoding of the hole defect centers qualitatively reflects the degree of the hole
lived transient species produced near the surface by the firgtcalization. For example, in the transient diffusion state of the H center

pulse. This idea has been used. for example by Tanimur%{'lown in(c) the hole is preferentially localized on the interstitial Br atom in
and Itoh to affect the yield of Frenkel defect pairs in the bulkthe middle.

of KBr.2° Application of this approach to controlling the

yield and state distributions of desorbed species requires de-

tailed knowledge of the structure, optical properties, and life-

times of transient species created in the crystal by pulse to a pair of Frenkel defects, F and H centfg. 1(b)].33

excitation. . F centers are stable at room temperature and cannot lead to
Thus the photon energy selective approach takes advan;

e B emission by a direct excitation procéésS If electrons
tage of energetic differences between surface and bulk eXCLnd holes fail to recombine. then holes also self trap and
ton states and directly probes the surface exciton. The tw V. centers that are’ stable below 160 [€ig
pulse approach relies upon production and manipulation o @] 33,3|4<1,36,37We observe electron emission under phofoex—
transient species within the crystal and near the surface. Each ati.on and therefore expect some concentration gicen-

of these approaches can be used to control the yield anté

: , rs in our samples. Bothand H centers can be consid-
properties of desorbed Br atoms. They constitute a NeW od as By~ molecules occupying two and one Br lattice
solid-state source of Br and Bratoms for reaction with

) : sites, respectivef —>8[see Figs. (a) and 1b)]. Both centers
gas-phage species, surface reactions, or etc"ﬁmge Paper - are very mobile at room temperature and have broad optical
is organized as follows. In Sec. Il we provide a deta'ledabsorption bands centered near 3.2 33%3% Within

description our system and in Sec. lll we discuss eXperime%icrosecond‘E"‘” they aggregate into pairs of H centers
tal technique. The results are presented in Sec. IV and d'?known as \{ centers and V, centersBr;~ molecule occu-

cussed in Sec. V. pying anion—cation—anion sites and oriented along(10€)
axis, see Fig. @)].3"*?~**These molecular centers are stable
at temperatures higher than 300 K. According to the
Cleavage of alkali halides in air is known to produce calculations’® some of the H centers can reach the surface
wide flat terracessee, for example, atomic force microscope and thermally decompose into Brions in regular surface
imaged°®3. Further sample heating to 600°C and highersites and desorbed Br atorfsee Fig. 1d)].
temperatures leads to exposure of screw dislocations. Cross- To provide good signal to noise ratio we average over
gap electronic excitation of alkali halide crystals producesmany excitation pulses. Therefore stable defects centers can
electron—hole ¢ —h™) pairs and resonant exciton absorp- accumulate inside the sample. The formation of F centers can
tion creates free or self-trapped excitéfis? If an e —h™ be readily detected by a characteristic absorption band at 630
pair recombines, a self-trapped exciton can also form. Mosam (1.97 e\}.>3344¢The \, and V, centers display an ab-
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xcitons will decay nonradiatively, but some will decompose

Il. DESCRIPTION OF THE SYSTEM
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0.45 whether optical excitation of these centers around 3.2 eV will
i lead to additional effects in desorption.

- Ill. EXPERIMENTAL METHOD

040 (b) The experimental techniques and data treatment have
been described in detdit?*°%5*Here, we emphasize the
unigue aspects of these experiments. Samples of single crys-
tal KBr are cleaved in air and mounted in the ultrahigh
vacuum chamber at a base pressure of 18 ° Torr.
035 Samples may be heated to 650 K to anneal and clean the KBr
i surface. We irradiate the KBr surface at room temperature
] using nanosecond laser pulses and pulse combinations. Irra-
] diation of the KBr surface induces emission of fast bromine
. atoms and thermal potassium atoms. The desorbed atoms are
0.30 detected using laser ionization combined with time-of-flight
. (TOF) mass spectrometry. Velocity profiles reflecting the ve-
. locity distributions of photodesorbed atoms are determined
1 by integrating the atom yield as a function of the delay be-
. tween excitation and probe lasers. The velocity profiles may
025 1 be converted to kinetic energy distributions by applying the
7 (a) appropriate Jacobian transfofh.
The single-pulse excitation experiments use stimulated
Raman shifting of Nd:Yttrium—aluminum—-garn@tAG) la-
ser harmonicgin hydrogen gasto generate the necessary
photon energies. The pulse pair experiments use the 266 nm
200 300 400  s00 600 700 800 Nd:YAG fourth harmonic directly to create transient defect
centers at the surface and within the bulk cry§palmp pulse
1). The second excitation pulgpump pulse 2, the Nd:YAG
third harmonic at 355 ninis delayed by 20 ns and over-
FIG. 2. Optical absorption spectrum of &) unirradiated andb) irradiated  lapped spatially with pump pulse 1. Pump pulse 2 excites the
alkali hf_ilide bulk crystal. The strong band centered near 630 nm is due t?_ransient defect centers Ieading to bromine emission. In all
abs_orptlon by F centers. The shoulder observed between 220 and 300 nmé%(periments, tunable light from a Nd:YAG pumped
attributed to absorption by Mand \, centers. . !
frequency-doubled dye laser, operating at 20 Hz, is used to
ionize ground BrfP5,) and spin—orbit excited BfP,,,) at-
oms in a (2+ 1) resonance-enhanced multiphoton ionization
sorption maximum at 4.4 and 4.7 eV, respectiéf?*’  scheme(probe pulsk The specific two-photon transitions
Other more complex centers, such as aggregates of F centetged are BAD,) —Br(?Py,) at 260.6 nm and BFfS,,,)
also exist but their concentrations at our photon fluences are-Br(?P,,,) at 262.6 nn?? The focused probe pulse inter-
not significant and they are not likely to take part in Br sects the desorbed atoms 3.8 mm above, and oriented parallel
desorption. to, the sample surface.

The surface of irradiated crystals undergoes dynamic  Atomic masses are determined by a TOF mass spectrom-
structural changes caused both by the atom desofgtidi  eter using chevron microchannel plates to amplify the ion
and accumulation of radiation defeéfsSurface pit forma- signal. The output signal of the microchannel plates is input
tion and further degradation of the surface structure as olto a 500 MHz video amplifie¢x 10) and then sent to a digi-
served in electron-stimulated desorption stutifé4®is pos-  tal oscilloscope. Data collection is computer controlled and
sible under our experimental conditions. Averaging overthe lasers can be independently delayed in time using com-
many laser pulses means that there will be some averagriter interfaced digital delay generators to facilitate mea-
concentration of undercoordinated surface sites. surement of Br and Br velocity distributions. Each data

The optical absorption spectrum of the KBr crystal fol- point represents an average of the integrated mass selected
lowing irradiation by 40 000 pulses of 5 mJ, 4.7 eV photonsjon signal from 200 laser pulses. Laser powers are deter-
is shown in Fig. 2. The strong band at 630 nm is due to Fmined using a pyroelectric detector.
centers and the optical absorption<a820 nm is most likely
due to the aggregates of H angl ¢enters—\, and \, cen-  |v. RESULTS
ters. Thus transient H and \Vcenters, which are present in
our samples for up to several microsecdfid$after the ir-
radiation pulse, accumulate into more complex and stable Figure 3 displays the Br atom kinetic energy distribu-
defect centers. Since the thebtpredicts that the decompo- tions for photon energies of 5.56, 5.94, 6.07, and 6.46 eV.
sition of H centers at the surface can be responsible for th&he photon energy range used overlaps the long wavelength
thermal component of desorption, it is interesting to exploreedge of the KBr bulk absorption baritirbach tai).?? The

Absorbance (arb. units)

Wavelength (nm)

A. Kinetic energy control: Single pulse experiments
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1.0

measured velocity profiles can generate significant variations
in the kinetic energy distributions. We therefore do not yet
place any physical significance on the differences observed
—&— 5.56eV in the distribution widths.
- 5.94 eV Figure 4 shows the adiabatic potential for Br desorption
-h- 6.07eV caused by the decomposition of the surface exciton as a func-
—&— 6466V tion of the distance between the desorbing atom and the sur-
face plane. It was calculated in Ref. 15 using a hylaixd
initio/classical polarizable lattice embedded cluster method.
It predicts the excitation energy of the surface exciton at
about 6.4 eV and a significant reduction of the Br kinetic
energy with the decrease of the photon energy. Below 6.2 eV,
the measured Br kinetic energy decreases with the photon
energy in qualitative agreement with theoretical
predictionst® The absorption cross section of KBr decreases
sharply between 6.46 and 5.56 8\The Br emission yield

02 04 0.6 08 also decreases sharply in this range on a per photon basis.

Kinetic Energy (eV) The Br yield at 5.56 eV is less than 1% of that at 6.46 eV, for
FIG. 3. Kinetic energy distributions of Br emission following tunable band equal photon flux at the surface. The Br yield is linear with
edge excitation. The peak of the Br kinetic energy distribution shifts asphoton flux at 5.5 eV and above therefore the reduced ab-
photon energy is decreased. The solid and dashed lines serve only to gUi%rption at the lower photon energies—resulting in lower Br
the eye. . . .

yield—can be compensated for by increasing the photon

flux. That is, the yield of Br can be controlled by laser flu-

kinetic energy distributions change markedly with photon€NCe- There is a limit on this approach however. If the photon
energy. The peak kinetic energies of desorbed Br are 0.3flux is increased above the multiphoton threshold then both
0.24, 0.18, and 0.12 eV using pump photon energies of 6.44¢hermal and hyperthermal velocity components will be pro-
6.07, 5.94, and 5.56 eV, respectively. The normalized kineti¢luced and a bimodal velocity distribution observed. Within
energy distributions, at first glance, seem to show an energgur detection limits, photon energies below 5.5 eV do not
width dependence upon photon excitation enefigig. 3).  produce Br emission through a strictly linear absorption pro-
We note, however, that relatively minor variations in thecess.

Photon Energies

C*(g(t)*t)*

F(E) =

SRS NEENI FENESERENl FERE SN AR ER NN FA RS ERET |

6.5 7
a) ol b)
64 [ r\'ﬁﬁo\'“_“
< As'o FIG. 4. Model of surface exciton de-
63 I T a0t composition and Br desorption from
3 the KBr surface(see Ref. 1k (a)
E so0r Adiabatic potential for the Br desorp-
6.2 L 0.60 eV 20k tion due to decomposition of a surface
| P //‘ excit(_)n and the Br displa_cement per-
| : 10 | pendicular to the surfacfinset (c)].
. 61 : |y Arrows indicate vertical excitation
> : 0% “fﬁ 20 30 20 with the experimental photon energies
& | Displacement of surface Br (A) shown at the base of each arrow. Their
& 60r : positions were determined as shown in
3] | (b), where the lower curve is the adia-
,_ﬁ I batic potential of the crystal ground
59 : O © Q C) state with respect to the same coordi-
} @ @ nate. The kinetic energies shown(a&
! are calculated with respect to the sur-
58 | O ©) ‘ —— face F center and Br atom at infinity.
k © o Br° This model predicts the Br atoms’ de-
- . )
57 L i sorption as s_h_own schem_aucgllyacb _
: | \.\ Q @ Q and the significant reduction in Br ki-
netic energies as the laser photon en-
56 | \ ergy is decreased. The color-coding in
' (c) is the same as in Fig. 1.
5.5 . . L ! by el

1 Il Il 1 1 .
00 05 10 15 20 25 30 35 40 45 50 55 60
Displacement of surface Br (A)
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FIG. 5. Kinetic energy distributions of Br and Bemission following 4.7 LOg (Laser Power)

and delayed 3.5 eV excitation. The(Biangles and B (diamondg display
near identical kinetic energies. The solid and dashed lines serve only t
guide the eye.

IG. 6. Laser power dependence of*Bemission following 4.7 3.5 eV
pulse-pair excitation. A linear desorption yield for'Bis observed for pump
pulse 2 at 3.5 eV indicating resonant absorption by the transient center. The
nonlinear slopg1.4) of pump pulse 1 at 4.7 eV was also observed in the
previous single laser studié¢see Ref. 21

B. Spin state control: Pulse pair experiments

The goal of the pulse pair experiments is to enhance therbed Br and Bf atoms following sequential excitation by
relative B yield by selective excitation of transient centers 4.7 (266 nm and 3.5 eV(355 nn) nanosecond laser pulses.
near the crystal surface. As discussed in Sec. |, transiefithe energy distribution for both spin states is remarkably
centers are generated in alkali halides using both resonasimilar. The peak kinetic energy is roughly 0.12 eV, this is
exciton excitation and cross band gap excitation that prowell above that expected for thermal desorption but well
duces electron—hole pairs. We choose subresonant multiphbelow that obtained following resonant one-photon excita-
ton excitation at 4.7 eV to create transient centers and optiion discussed above. The relative BffBsroduct yield ratio
mize several key experimental parameters. Irradiation at 4.7esulting from two-laser induced emissigh7 and 3.5 eVis
eV is below the absorption threshold and excitation occurd.4+0.6. The relative BY yield is approximately 500 times
principally through a two-photon process. The two-photongreater than that obtained following resonant one laser exci-
energy of 9.4 eV lies above the 7.4 eV KBr band gap suchation although the total atom yield is much lower, approach-
that bulk electron—hole pairse( —h*) result. There is a ing only 1% of the 6.4 eV yield. We have also produced Br
significant yield of thermal Br atoms following 4.7 eV and B¥ emission using 6.4 eV excitation followed by 3.5 eV
excitation?! suggesting that H centers are produced effi-nanosecond laser pulses. The Br and Rinetic energy dis-
ciently. The Br yield versus laser power and thermal velocitytributions produced by this latter pulse combination are iden-
distribution of desorbed Br atoms are both consistent withtical, within error, to those displayed in Fig. 5. However,
those reported in one-laser emission studtelp standard when pump laser 2 is tuned to 4.7 or 2.3 eV no significant
surface defects such as steps and kinks absorb significantly iatcrease in Br or Bf emission is observed.

4.7 eV, and initial excitation at 4.7 eV is not likely to produce Figure 6 displays the Bryield versus laser fluence in

a surface or bulk exciton in a direct single photon process. log—log format. The Bf yield is linear with 3.5 eV laser
Thus we expect creation of stable F centers and transignt fluence, indicating that the transient centers created by 4.7
and H centers, which will recombine with F centers and ag€V photons absorb resonantly at 3.5 eV. Thé Bield fol-
gregate producing Yand V; centers within at least several lows aP* dependence with 4.7 eV laser fluence as found
us 04 prewously for 4.7 eV one-laser induced Br emission from

Vi and H centers can be electronically excited with 3.5KBr.?* This noninteger power suggests that, besides a two-
eV photons. Thus the initial 4.7 eV laser pulse can generatphoton cross-gap excitation, the 4.7 eV photons are absorbed
transient absorption centers and the delayed 3.5 eV pulse cam a one-photon process. This absorption is possibly due to
further excite these centers. The pulse energy and delay tineccumulation of the Y and V, centers, as shown in Fig. 2.
(20 n9 of pump pulse 2 are selected to excite the newlyThe fact that the one- and two-laser experiments produce the
formed transient centers at powers well below that requiredame pump laser power dependence indicates that at 4.7 eV
for forming such centers through a two-photon proéss. the initial electron—hole pair creation that leads to halogen

Figure 5 displays kinetic energy distributions of des-atom emission in the single laser pulse also leads to the
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transient center formation. However, the Br and Binetic  Of the two spin states, displayed in Fig. 6, suggests that both

energy distributions resulting from two-laser excitation doemissions result from excitation of the same transient center

not conform to hyperthermal or thermal components obfrecursor. As discussed above, there are two types of alkali

served in the single pulse 4.7 eV experiments, and a neWalide transient centers known to absorb 3.5 eV photons—

kinetic energy distribution is produced. Vi and H centers. Although yand H centers have similar
absorption spectra, they likely behave differently under pho-
toexcitation. In particular, it has been sugge3ethat a

V. DISCUSSION 23, ,—2I1, electronic transition of the KBr H center is at

Our results clearly demonstrate that one can achieve adigher energy than the optically aIIowéE%—ﬁEg transition
th the maximum at 3.2 eV. ThéX ,—2II, transition is

tive incoherent control of the properties of photodesorbed BV . _ ! "
atoms from the KBi(001) surface. The velocity of Br atoms forbidden |n. the symmetric nghbnum p05|t!on of the H
photodesorbed from the surface of a cleaved KBr crystal caf€Nter, but is aIIc;wed when it is thermally displaced from
be controlled using tunable laser light near the UV absorp€auilibrium. The“Il, state has two components with
tion threshold. The relative yield of Br to Brcan be en- =3/2 and 1/2 split by about 0.25 €¥.Therefore optical

hanced, over single photon resonant excitation, using gxcitation into this state could lead to formation of both Br
pulse-pair excitation scheme. and Bf. If we assume that the electronic excitation of H

Changing the photon energies in the one-laser expericenters leads to dissociation or stimulates diffusion of Br and

ment we obtained the peak kinetic energies of desorbed B’ this mechanism could also explain the high' Breld
atoms of 0.37, 0.24, 0.18, and 0.12 eV using pump photop‘pllowmg tvv.o-lager e.:xcnatlon. The H genter is an interstitial
energies of 6.46, 6.07, 5.94, and 5.56 eV, respectively. waefect and its diffusion takes place via the displacement se-
regard the high-kinetic energy distribution as characteristi@uence of Br atonf3*°[see Fig. 1c)]. Near the surface this
of the decomposition of the KBr surface excittyf* That could easily bring the H center to the surface plane. As has
the kinetic energy tracks the exciting photon energy in d€en shown in Ref. 23, surface H centers are strongly polar-
dynamical emission process indicates that the Br velocityze€d and represent a Br atom loosely adsorbed on a regular
distribution reflects the details of the adiabatic potential ensurface Br site[see Fig. 1d)]. These Br atoms thermally
ergy surface of the surface excited state. The photon energlesorb to produce the observed emission. On the contrary,
dependent velocity profiles therefore represent an indiredhe Vi center is not an interstitial defect and it is unclear
measurement of the adiabatic potential along the exciton devhether photoexcited surface,\Vcenters can produce Br
composition coordinate. emission. Furthermore, the 3.5 eV photons can excite only
However, further analysis of this dependence requires #he “%,— 2 transition of the \¢ center and thus cannot
detailed account of the energy dissipation during exciton deproduce Bt directly. This suggests that only H centers are
composition and Br desorption. The adiabatic curves pretesponsible for both Br and Bremission. The results of
sented in Fig. 4 do not take into account the energy dissipad€tailed theoretical simulations of this mechanism will be
tion and as such provide only the upper limit for kinetic Presented in a separate publication.
energies of desorbed Br atoms. These energies are in satis- The Br and Bf emission must be derived from a thin
factory agreement with the distributions shown in Fig. 5.near-surface layer since the Br kinetic energy distribution
This agreement and the fact that the emission yield follows avould be relaxed to a thermal distribution if Br and“Brere
single-photon power dependence provide further support teequired to diffuse long distances through the bulk prior to
the model where the bromine emission is caused by diregmission. This conclusion is supported by the high Bield
photon absorption at or near the surface and decompositicand the nearly identical Br and Brvelocity profiles. Thus
of a surface exciton. Our calculations demonstrate that ththe Br/Br¢ ratio could be enhanced by using smaller time
surface absorption threshold is shifted to lower energies fromlelays between the first and second pulses which should al-
the bulk value, due to the lower coordination of terrace, steplow one to excite more H centers. Since H centers are pro-
and corner site¥ Laser excitation tuned selectively to such duced within a few ps of excitatiotf;** time-resolved ex-
a shifted resonance below the first bulk absorption band caperiments using femtosecond pulses could shed more light
therefore excite these surface features preferentially. Howen the dynamics of defect processes near the surface and
ever, whether desorption happens also from step and cornarechanisms of desorption.
sites in addition to terrace sites is still unclear. In particular, ~ We should note that the controlled desorption of Br and
according to our calculatior!s,5.56 eV photons can reso- Br* atoms induced by UV surface excitation can be used as
nantly excite step edges. This should lead to Br desorption @& source of these atoms with selected kinetic energies for
about 40° to the surface plafhe> Therefore a careful study reactions with gas phase species, surface reactions, and other
of the angular dependence of Br desorption could elucidatpurposes. The unique features of such a source are discussed
more subtle features of the desorption process. The electrom detail in Ref. 31. Neutral halogen emission is a generally
stimulated desorption from step edges has been observed atbserved phenomenon following vacuum UV and electron
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