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The evolution of the T channel in }Br~ photodissociation is examined using time-resolved
negative-ion photoelectron imaging spectroscopy. The 388 nm photodetachment images obtained at
variable delays following 388 nm excitation reveal the transformation of the excess electron from
that belonging to an excited trihalide anion to that occupying an atomic orbital localized on the |
fragment. With increasing pump-probe delay, the corresponding photoelectron band narrows on a
~300 fs time scale. This trend is attributed to the localization of the excess-electron wave function
on the atomic-anion fragment and the establishment of the fragment’s electronic identity. The
corresponding band position drifts towards larger electron kinetic energies on a significantly longer,
~1 ps, time scale. The gradual spectral shift is attributed to exit-channel interactions affecting the
photodetachment energetics, as well as the photoelectron anisotropy. The time-resolved angular
distributions are analyzed and found consistent with the formation of the asymptdtiagment.
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I. INTRODUCTION anions reflect the changes in the electronic structure due to
) ) ] . _ electrostatic and covalent intermolecular interactions impli-
Chemistry is commonly perceived in terms of atomic .5ieq in cluster and bulk environmeR&S—1° In the
rearrangements, yet the motions of atoms result from morgy,cfion-coordinate domain, time-resolved imaging is used to
fundamental dynamics involving the transformations of the, Jhitor the evolution of the electronic wave function, re-

electronic structure. Chemical bonding is controlled by eIeCTIecting the dynamics from the electronic perspective, in real

trons and therefore the underlying goals of time-resolved €Xime 12.13,15-26

periments, or femtochemisthyare best expressed in the con-
text of exploring reactivity and molecular dynamics at theresolved photoelectron imaging was first introduced in stud-

level of electronic structure. . o7
: . . ies of neutral molecule¥' =%’ Recently, the Neumark group
Electrons in molecules are described by their wave func- 1213 ¢ ombining

tions, i.e., theeigenfunctionof the electronic Hamiltonian. ?pphed thlsdtec:nlqule tg;1and G anions, iously devel
However, spectroscopy has traditionally focused on transi_emtosecon photoelectron _sagect_rochpgewousy evel
tion frequencies, determined by energigenvaluesOne of oped _by_ the same gro}fﬁ \.N'Ehl f?e advantages of
the challenges in modern physical chemistry is to shift th&egatlvel-lon photoelectron'lmaglﬁgl. '

experimental focus to probing, in the most direct ways al- In this paper, we describe a time-resolved photoelectron

lowed by quantum mechanics, the static and dynamic propi_rnaging study of a triat.omic.ar?ion Wit@ r_nultiple _dissocigtion
erties of the electronic wave functions, thus unraveling th?athways. The photodissociation B is examined using
driving force of chemistry. negative-ion photpdetachme_nt as a probe of the dynam|cs
In recent years, the field of negative-ion photoelectronffom the electronic perspective. In this report, we monitor
spectroscopyhas received a boost from the successful andhe evolution of the T fragment channel. The corresponding
rapidly expanding application of the imaging technique toPhotoelectron images are recorded in the regime of low elec-
the studies of photodetachment of atomic, molecular, anéfon kinetic energyeKE). The probe scheme employed em-
cluster anion§™*® Under proper conditions, the two- Phasizes yet another advantage of imaging: the uniform de-
dimensional snapshots of a photodetached electron clod@ction sensitivity over the entire eKE range projected on the
yield three-dimensional distributions of the photoelectrons irdetector, especially including the low-eKE regfomvhere
the laboratory frame, including their speed and angular distraditional (time-of-flight) photoelectron spectroscopy fails.
tributions. The former are easily converted into conventionallhe time-resolved ,Br~ photoelectron images reflect the
photoelectron spectra, while the latter reflect the parent orevolution of the electronic wave function from the excited
bital symmetry/:1%:14 molecular anion to the atomic-anion fragment. The results
The simultaneous observation of the mutually dependentieveal the approximate time scales of excess-electron local-
photoelectron angular distributions and energy spectra is dgation on the fragment and exit-channel interactions.
great benefit to the studies of electronic-structure transforma-  Trihalide anions play a prominent role in chemistry. Of
tions in several domains important in chemistry, such as thall the trihalides, J has received the most experimental and
solvent and the reaction-coordindte time) domains. In the theoretical attentiof?~®°In aqueous solution, theg labsorp-
solvent domain, photoelectron images of size-selected clustéion spectrum consists of two broad bands centered at 290

As with many other spectroscopic techniques, time-
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and 360 nnt The absorption spectrum is the result of tran-ment experiments on atomic, molecular, and cluster arfions.
sitions to the mixed'S , and ®I1,, states’* where the() Here we present its overview, followed by a more detailed
=0 subscripts refer to Hund’s cage) state labeling. Early description of the features that enable time-resolved data col-
photolysis studieS—3’ showed thatJ is produced from ex- lection.
citation of either band. Time-resolved studies ofih etha- The LBr~ anions are prepared by crossing a supersonic
nol indicate a 100% yield of the,|ionic fragments upon expansion of IBr seeded in Ar with a beam of high-energy
excitation of i at 400 nm®® and 308 nnf?“® Excitation  electrons. The precursor mixture is prepared by passing Ar
towards the blue edge of the higher energy b&®b nnm)  carrier gas at 30 psigauge through a sample holder contain-
reveals a decrease in the lield due to the opening of ing IBr heated to 30 °C. The resulting mixture is expanded
another fragmentation channel, presumed to produce Ithrough a pulsed nozzl&eneral Valve Series 9 with a Kel-F
+21.% The dynamics of the vibrationally excited Ifrag-  poppe} operated at a repetition rate of 70 Hz into a high-
ments are characterized by short-time-scale oscillations imacuum chamber with a base pressure of®1Uorr (rising to
transient absorptioff~** These oscillations are attributed to 3x 10~° Torr when the pulsed valve is operate@ihe super-
coherent semiclassical vibrational motion, followed by thesonic expansion is crossed it 1 keV electron beam and
delocalization of the wave packet and relaxation of the nathe resulting anions are pulse extractedoiit 2 m long
scent nonthermal distribution to a Boltzmann one within 10wiley-McLaren time-of-flight mass spectrometéafter the
ps38-4345-49n the gas phase, the dissociation dynamics ofon beam is accelerated to about 2.5 keV and focussed using
I were probed by Neumark’s grodp>® The experiments at an Einzel lens, it enters the detection region with a typical
390 nm indicated a higher degree of nascgnvibrational  base pressure of (3—%)10"° Torr. The ions are detected
excitation compared to the solution phase. In addition, thenass selectively using a dual microchannel p{MEP) de-
dissociation channel yielding | was observed to be more tector(Burle, Inc) at the end of the flight tube.
important, contributing a significant fraction to the dissocia-  In the pump-probe measurementsBi~ is photolyzed
tion yield over a broad rang@20-240 nm*>° by the 388 nm pump laser beam and the evolving electronic
Compared to J, very few experimental studies have structure is probed via photodetachment with a second, de-
been carried out on mixed trihalide anions. This is despitéayed 388 nm laser beam. The pump and probe beams are
the expectation of significantly richer photochemistry due togenerated by frequency doubling the output from a regenera-
the increased number of identifiable reaction pathways. Thévely amplified Ti:sapphire laser systef$pectra Physics
first study of mixed trihalides in the gas phase was carriednc.) producing 600uJ, 100 fs pulses at 777 nm. The funda-
out by Lineberger and co-worke?swho reported the struc-  mental pulse width is monitored using a single-shot autocor-
ture and time-resolved photo-dissociation dynamics ofelator (Positive Light SSA The fundamental radiation is
BriClI™ and IBr, . The LBr~ anion has been previously frequency doubled using the 0.1 mm thick BBO crystal of a
studied only in solution. In particular, its Raman and infraredfemtosecond harmonics generat@uper Optronics, Ing,
spectra have been report&dn addition to a spectrophoto- producing 140uJ pulses with a bandwidth of 5 nm at 388
metric study of the J+Br~ system®® More recently, nm. The spectral profile of the UV output is monitored using
Ruhman and co-workers usegBI~ to demonstrate the ef- 3 fiberoptics spectrometé®cean Optics, Ing.
fects of symmetry breaking on the dynamics of trihalide The |inear|y p0|arized UV beam is Sp“t into the pump
dissociationg:®° and probe using a 50% beam splitter. The separated pump
In minimum-energy structures of mixed trihalides the beam passes through a motorized translation ngwport
heaviest atom is in the middfé:*® For I,Br~, two species ESpP300 Universal Motion Controlleto enable controlled
corresponding to linear I-I-Br and I-Br-I" structures may temporal separation of the pump and probe pulses. The
exist on the ground potential energy surface, but the I-I-Br peams are recombined before entering the reaction chamber
structure is expected to be most stalle. using a similar 50% beam splitter. The polarization vectors
In what follows, we use femtosecond photoelectron im-of the two beams are parallel to each other and to the ion
aging of negative ions to monitor the appearance dhlthe  peam axis. Both laser beams are mildly focussedguaifh m
dissociation of gas-phasgBr~. The following section out-  focg) length lens positioned approximately 45 cm before the
lines the details of our experimental apparatus pertinent tehiersection with the ion beam.
this time-r_esolve_d study. In Sec. lll, the emergence of the I The position of zero pump-probe delay is determined by
fragment is monitored by photoelectron imaging, emphasizgpserving a pattern of interference fringes produced when
ing the transformation of the excess electron from the Mosne two coherent beams are overlapped both in time and in
lecular to atomic character and its exit-channel interactiongpace_ The variation of the pattern contrast ratio as the delay
with neutral counterfragments. stage is moved gives an indication of the temporal overlap
(cross correlation of the pump and probe pulses. In the
Il EXPERIMENTAL APPARATUS present experiments, the cross-correlation Width, as mea-
sured before the vacuum chamber entrance window, was de-
The apparatus used in this study employs pulsedermined to be approximately 250 fs. This value defines the
negative-ion generation and mass-analysis technitftfds, approximate time resolution achieved in the experiment.
combined with a velocity-mapp€timaging® scheme for The 267 nm radiatioi~20 wJ/pulsg used to record the
detection of photoelectrons. The instrument has been dene-photon detachment image ¢BI~ is obtained by gen-
scribed previously in connection with one-photon detach-erating the third harmonic of the output of the above laser
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resents a projection of the photodetached electron cloud on
the plane of the detector. Owing to cylindrical symmetry
imposed by the linear laser polarizatiorertical in the image
plane, the complete velocitfand thus energy as well as

the angular distribution of the photoelectrons can be recon-
structed by means of the inverse Abel transformaffofhe
Abel inversion is performed using tiBasex (BAsis Set EX-
pansion program of Reisler and co-workefs.

The photoelectron spectrum obtained from the 267 nm
I,Br~ image is also shown in Fig. 1. Although the electron
affinity corresponding to the formation ofBr— is not
FIG. 1. One-photon photoelectron image and the corresponding spectrum &NOWN, the photoelectron spectrum consists of two bands
ground state Br~ recorded at 267 nm. The laser polarization direction is With binding energies in excess of 4 eV. Therefore, no one-
vertical in the image plane. Arrows andb indicate the two bands seen in photon detachment can occur at 388 (812 eV, indicated by

the image(spectrum at electron binding energies4 eV. The vertical arrow . . . .
at 3.2 eV marks the 388 nm pump and probe photon energy used in th@n arrow in Fig. land the absorptlon at this Wavelength can

2.0 2.5 3.0 3.5 4.0 4.5
Electron binding energy / eV

time-resolved measurements. lead Only to ionic fragmentation.
One can envisage a range of ionic fragments forming
upon excitation of 4Br—: Br~, 17, I, , and IBr . Based on

system with the fundamental wned to 800 nm. . theoretical calculations and analogy with; | and
The photodetached electrons are detected using, — 3257596166 .
: : "0 . : 5,2 tERER gl four of the above anion fragments
velocity-mappeff imaging® in the direction perpendicular

to the ion and laser beams. A 40 mm diameter MCP detectosrhOUId be energetically accessible at 388 nm. Although no

with a P47 phosphor scredBurle Inc) is mounted at the gas-Phase fragmentation measureme.nts. are _available for
end of an internallyu-metal shielded electron flight tube. 12Br ’zfgaﬁit experiments on other_ tnhahde; n .the gas
Images are obtained from the phosphor screen using hasé”®* ;uggest that both atomic and Q|atom|c anion
charge-coupled device came(Roper Scientific Ing. To ragments will indeed be formed by absorption of a pump

suppress background signals, the potential difference acro8410ton in the present work. - _
the two MCPs is only pulsed up to 1.8 kV for a 200 ns wide  With the 388 nm probe energy, it is feasible to detach
collection window, timed to coincide with the arrival of the €lectrons from all of the above anion fragments, with the
photoelectrons. For the rest of each experimental cycle, thgXception of Br . In the asymptotic limitlong pump-probe
dual-MCP potential difference is maintained at 1.0-1.2 kv,delays, the atomic-anion fragments are expected to yield
which is not enough to produce a detectable signal. relatively sharp signatures in the photoelectron images/
The phot0e|ectron images obtained in a pump_probe eXSpeCtra, while for the diatomic-anion fragments Franck-
periment contain contributions from the individual pump andCondon effects are important. Overall, the photoelectron im-
probe laser beams, in addition to the true pump-probe signa®ges may show contributions from one or more reaction
These backgrounds are accounted for using a system of mehannels. In this paper, we focus on the evolution of the |
chanical shuttergUniblitz, Vincent Associates, Incplaced  channel. Although we do identify a photoelectron band that
in the path of each separated laser beam. The shutters dgetentatively ascribed to the, land IBr~ channels, these
remotely controlled by the data acquisition system to allowpathways will be the subject of a future publication.
the following pump-probe stages comprising a data acquisi- The 388 nm pump—-388 nm probe photoelectron images
tion loop: (1) ON-ON, (2) ON-OFF, (3) OFF-ON (4) OFF-OFF recorded for JBr~ at several pump-probe delays are shown
Each of these stages is typically 10(800 experimental Figs. 2a)—2(e). All images were recorded with the pump and
cycles in duration. The pump-probe signal is obtained byprobe laser beams polarized in the vertical direction in the
subtraction of theoN-OFF (pump only and oFF-ON (probe  plane of the images. In addition, Fig(fRdisplays an image
only) images from theoN-ON (pump and probeimage. The  corresponding to one-photon detachment ofat 388 nm,
dark-count background recorded during theF-OFFstage is  recorded in a separate experiment on the atomic anion. The
then added to correct for the double subtraction that thQ’nages were analyzed using tBasex program?3 The re-
above procedure incurs. At each pump-probe delay, the eXulting photoelectron energy specttaormalized to unit
periment is continuously cycled through stages-(4) until  area are also shown in Fig. 2.
a suitable-quality pump-probe image is obtained. A typical  The delay-dependent changes seen in Fig@—2(e) re-
experimental run entails averaging for about 100 of theect the evolution of the electronic structure of the dissoci-
above four-stage loops, a total of 280000 experimentahting trihalide anion. Given our time resolution, the 100 fs
cyples. The fmgl limages presented in this work were Obimage in Fig. 2a) corresponds to near-zero delay. The image
tained by combining several such runs, representing the reynq the corresponding spectrum exhibit two main features: a
sult of ~10° experimental cycles. bright and relatively tight central bart) and a broad aniso-
tropic band peaking around eKEL.2 eV (II). The latter is
seen more clearly in the inset in Figa where the same
Figure 1 shows a photoelectron image obtained in thel00 fs spectrum is shown on a different scale. As the pump-
one-photon detachment ofBr~ at 267 nm. The image rep- probe delay is increased, the spatial extent of the low-eKE

Ill. RESULTS AND DISCUSSION
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image in Fig. 2a). It can be attributed to two different pro-
el cesses. First, because this signal appears when the pump and
probe pulses overlap significantly in time, we cannot rule out
a contribution from coherent two-photon absorption by the
parent anion. Such absorption is not a true pump-probe pro-
R IR MR N AN A Lrbne® Tk e ot cess, as both photons can be absorbed from either the pump
(b) 300 fs or the probe beam, in addition to the possibility of simulta-
neous absorption of one pump and one probe photon. Signals
due to the coherent pump-only and probe-only two-photon
absorption are not properly accounted for by the background
subtraction routine, because their intensity scales nonlinearly
with laser power, resulting in the pump-only, probe-only, and
(c) 500 fs pump-probe two-photon signals being nonadditive when the
two laser pulses are overlapped in time and space.

The second possible origin of bafidin Fig. 2(a) is the
contributior(s) of the I, and/or IBr channe(s). We do not
identify any other bands that could be attributed to these
_ channels, even though their yield is expected to be signifi-
(d) 700 fs cant at the pump wavelength used. If the higher-eKE band in
Fig. 2(a) is indeed due to the diatomic-anion chariselits
apparent disappearance at longer delays can be due to a com-
bination of dynamic, Franck-Condon, and possibly signal-to-
noise factors. The diatomic-anion fragments are formed in
highly vibrationally excited staté&*24353:5961.7%nd rapid
delocalization of the initially localized time-dependent wave
packef®~8leads to spreading of the pump-probe signal over
a wide energy range. Thus, following the initial rise, the
intensity of the pump-probe signals attributed to the
diatomic-anion channels drops in tiffleand the resulting
diffuse band¥ are difficult to detect, compared to the sharp
transitions associated with atomic-anion channels. The reac-
tion channels yielding diatomic-anion fragments will be ad-
dressed in a future publication. In what follows, we focus on
the evolution of the 0.0-0.2 eV feature in the images in
Fig. 2.

The I” image obtained in one-photon detachment of the
1.0 atomic anion at 388 nm is presented in Figf) 2s a refer-
eKE / eV ence. It reflects a single photodetachment transition, yielding

FIG. 2. (a)—(e) 388 nm pump—388 nm probe photoelectron images from neutral | atom in the groun%P3,2 state. The upper Spm_orblt

1,Br~ dissociation and the corresponding photoelectron spectra shown i§Fate .P1/2 lies 0.94 eV hlgher n eneréﬁ/and IS not acces-
order of increasing delay. All images were recorded with the pump andSible in 388 nm one-photon detachment. At long delays, the

probe laser radiation polarized in the vertical direction within the plane ofcentral feature in the time-resolvegBr~ images shown in

the images. The evolving 0.0-0.2 eV peak in the spectra, corresponding tg: _
the main feature at the center of all imadgesarked! in (a)], is assigned to tﬁlgs. 4a)-2(e) Clearly converges fo a close resemblance of

the LBr — I~ channel. The inset irf@) shows the 100 fs spectrum on the_ a imagg, the ma.in diﬁerenc_e between Figé)2nd 2f)
different intensity and energy scales, emphasizing the presence of a secoh®ing the different signal-to-noise levels. In the spectra, the
transition(Il) at higher eKEs. This transition, which is not seen at longer low-eKE peak in F|gS @)_Z(e) shifts to |arger eKEs as the
delays, corresponds to the anisotropic outer ring in the 100 fs imé&ge. . P . .
Photoelectron image and corresponding spectrum in one-photon detachmeq?lay Increases, Wh',le the Wldt,h of the peak decrea_‘se,s’ until
of I~ at 388 nm, effectively representing the ¢hannel of JBr~ dissocia- ~ Oth the peak position and width become very similar to
tion at infinite pump-probe delay. The solid interval markedfinindicates  those of the T spectrum in Fig. &). Therefore, the hypoth-
the laser bandwidttFWHM), not |nC|Ud|ng other eXperimental broadening esis emerglng from the Inspectlon of the time-resolved pho_
factors. Solid lines ifa)—(f) represent Gaussian fits to the peaks seen in the, . . . .
experimental spectra. toelectron images in Figs.(@—-2(e) is that they reflect the
appearance of the Ifragment in Br~ photodissociation.
Hence Fig. #) effectively represents a snapshot of the
feature in the images increases, while the relative intensity d6Br~— 1~ channel at infinite pump-probe delay, when the
its very center gradually dies away, until a trough can be seedissociation is complete and the fragments have separated to
in the center of the image by 700 ffig. 2(d)] and more a distance where they no longer interact.
clearly at 1100 f§Fig. 2(e)]. To parametrize these trends, the bands in the time-
To the contrary, the anisotropic higher-eKE bdHd ap-  resolved spectra are fit with Gaussian functions, as shown in
pears only at short pump-probe delays, i.e., in the 100 f&ig. 2. The corresponding peak positions and widf&s-

(a) 100 fs

S oy W an ™, o]
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(a) width of the probe transition reflects the evolving character
0.14 1 o of the parent orbital, i.e., its transformation from a molecular
> [ I - orbital early in the reaction to a localized atomic orbital at
L 0121 . >300 fs. This explanation assumes homogeneous spectral
% . broadening at short delays, due to the molecular nature of the
§ “ Q. parent orbital. Second, the broader spectrum early in the re-
~ g action may also result from inhomogeneous broadening
0.08 1 caused by the drift in the peak position with time, within the
temporal profile of the pump-probe cross correlation. These
0.06 T T 7/ two hypotheses are not necessarily exclusive of each other.
025 However, the different time scales of the FWHM and peak-
. (b) position evolution, revealed by comparing Figga)3and
02 - 3(b), favor the mechanism that relates the width of the pho-
> todetachment band to the evolving character of the parent
> orbital.
E 01519 1 The evolution of the photodetached electron energy plot-
= ted in Fig. 3a) indicates that interaction between the depart-
0.1 1 ' ing I~ and its counterfragme(y) persists for-1 ps, which is
P B P o significantly longer than the time it takes to establish the
0.05 : i —r f— atomic-anion character of the fragment. The trend towards
0 500 1000 1500 0 larger eKE with increasing pump-probe delay can be attrib-

uted to the gradually diminishing solvation of the by the
remaining neutral fragments. A different but equivalent view
FIG. 3. Evolution of the photoelectron band ascribed to t&r1—1~ of this process is that the energetic shift is due to the evolv-
channel(388 nm pump—388 nm prohe(@) eKE corresponding to the tran-  ing difference between the anion and neutral potentials along
sition maximum andb) transition width(defined as FWHMas functions of  the reaction coordinate.

pump-probe delay. Filled symbols correspond to time-resolved data from . . _
I,Br~ pump-probe measurements. Open symbols correspond to a one- Thus, the atoml_c-anlon _Ch_araCter of thefra_gm_ent ap-
photon measurement on isolated representing the,Br~ — 1~ channel in ~ P€ars to be established withit300 fs of excitation, but
the asymptotic limit of infinite delay. The peak positions and widths areexit-channel interactions persist ferl ps. These time scales
determined by fitting the 0-0.2 eV band in the spectra in Fig. 1 with amust be viewed in the context of molecular-level dynamics.
Gaussian function. The dashed trend lines, added merely to guide the eyfen th £ N K d K h thesized
do not represent quantitative fits to the data. e case ofd, e_umar an _CO'Wor ers nypothesize
that the I fragment is formed via a concerted three-body
mechanisni?*® However, in more recent work, Zhet al.
argued for the additional contribution of two-body
dissociatiorf® Although the energetics ofBr~ are not so
pwell known**the 388 nm pump should be fairly close to
the corresponding three-body channel threshold. If we as-
sume, as a crude estimate;-8®.1 eV kinetic-energy release
to I, its exit-channel velocity will be~4 A/ps. If, on the
other hand, the atomic anion is formed via the energetically

lower I” +IBr channel;***®! greater relative recoil veloci-

is reflected in the atomic-anion spectrum in Figf)2The ties of the final fragmentsin th_e Nl(.) Alps rgngp can b.e
spectral width (FWHM=0.07 eV) is a convolution of sev- expected. These are asymptotic estimates; in dissociation on

eral broadening factors, such as the laser bandwidtf repulsive potential, the fragment separation starts at a

[FWHM=0.04 eV, indicated by a solid interval in Fig(fg] slower, accelerating rate. While the exact details are not
and the ioﬁ-bearr; velocity spread. With all factors consigknown, within a direct dissociation mechanism in the above
ered, it is clear that at long delays the width of the spectraf'V© ENergetic regimes the 300 fs time scale corresponds to a
feature approaches the atomic limit. displacement of a few Angstroms away from the molecular-

The widths summarized in Fig. (8 approach the anion equilibrium. This is consistent with where the elec-

asymptotic value of FWHM0.07 eV on a time scale of tronic identity of the fragments should have been defined.
<500 fs. This is of the same order of magnitude as the tem- The_ "T‘ag‘?s also reveal the lab-frame photoelectron an-
poral resolution of the experimei(t-250 f9 and therefore gular distributions(PADS). In the current pump-probe con-

the convolution of the reaction kinetics with the pump—probef'gurat'on’ the PAD is described By’

delay/ fs

pressed as full widths at half-maximum, FWHMTre dis-
played as functions of pump-probe delay in Fig&) 3and
3(b), respectively. The peak position evolves gradually wit
time, on a scale of-1 ps, approaching an asymptotic maxi-
mum value of eKE=0.13-0.14 eV. The latter corresponds
to the detachment energy of | 3.059 e\?? subtracted from
the 388 nm photon energy, 3.195 eV.

The experimental resolution in the relevant energy rang

cross-correlation function must be taken into account. This 1(8) 1+ B,P,(c0S8) + B4P4(cos) 1)
yields an upper bound of the actual time scale involved in the
reaction of about 300 fs. where B, and 8, are anisotropy parameter8, and P, are

The width evolution allows two interpretations. First, the second- and fourth-order Legendre polynomials, éisd
one can speculate that the excess-electron wave function Ithe angle between the electron velocity vector and the pump
calizes on the atomic fragment within the first 300 fs and theand probe polarization direction.
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] (@) 0.4

04 - 0.2 - 500 s
1 1 100 £ 700 fs
9

1 e B e

-0.4 1 7 |
i -0.4 1 ) 1100 fs
-0.8 T T T Illl T -06 T T T T T Y
0.8 1 0.06 0.1 0.14 0.18
(b
1 eKE/eV
0.4 1 FIG. 5. Comparison of the time-resolvgy values obtained in this work to
1 the eKE-dependent values expected for one-photon detachment froim |
P A S S S % ________________ o- the main panel, filled symbols represent the time-resolved data at the pump-
,34 probe delays indicated next to the data points. The open circle corresponds
1 to one-photon detachment from isolatéddt 388 nm, representing the limit
04 of infinite pump-probe delay in theBr~ experiment. The solid line repre-

sents a fit to the one-photon data using the Hanstbd. model (Ref. 87,

as described in the text. The inset shows the one-photon detachment data for

0.8 . r T o T isolated I (symbolg, for which the model parameters were optimized, and
the fitting curve(same as that in the main panelver a broad eKE range.

0 500 1000 1500 oY The open circles represent data obtained in this work and from Ref. 86. The

delay/ fs open squares are from Ref. 85 and the open triangle is from Ref. 12.

FIG. 4. Evolution of the anisotropy parametéas 3, and(b) 8, as func- . . . .
tions of pump-probe delay ipBr~ dissociation via thel channel(388 nm occurs preferentlally in molecules whose transition d'p0|e

pump—388 nm probe Filled symbols correspond to time-resolved data; moments are parallel to the laser polarization axis, thus pre-
open symbols on the right represent one-phd&88 nnj detachment from  paring a partially aligned ensemble of excited intermediates
isolated I', representing the,Br™—1~ channel in the asymptotic limit of that are probed by the second photon. The departing photo-
infinite delay. T_he anisotropy pararqeters were deFermmed by fitting thPTragments in general retain a memory of the ensemble
0-0.2 eV band in the photoelectron images shown in Fig. 2 using1q. ! ’
alignment, giving rise to nonzero values gf,.%83%* How-
ever, in the case of the Ichannel, the asymptotic fragment

The PADs corresponding to thé Ichannel, determined is a closed-shell species. Its electronic wave function is
from the images in Fig. 2, were fit with EQL) usingB, and  spherically symmetric and therefore incapable of carrying
B, as adjustable parameters. The resulting values of the amremory of the parent ensemble alignment. Thus, the essen-
isotropy parameters are summarized in Fig. 4, where the vatially zero values of3, in Fig. 4b) are not unreasonable, at
ues shown represe, and 3, integrated over the widttat  least at delays-300 fs, when the electronic identity of the |
half-maximum of the spectral profile. Given the modest fragment has already been established.
signal-to-noise ratio in the time-resolved images, special care The variation of3, with pump-probe delay, shown in
was taken to assess the reliability of the parameters generig. 4(a), indicates that the PAD is very nearly isotropic up
ated from the data. The PADs were sampled over small radialntil around 700 fs, after whic|8, increases slightly in ab-
intervals of varying widths within the spectral profile and thesolute magnitude, approaching the bare Iresult
B, and B, values were determined as means of the indi{38,=—0.18 at 388 nm The anisotropy parameter is known
vidual samples. The error bars in Fig. 4 represent the stario be eKE dependent and hence its variation in time can
dard deviation computed through propagation of the uncerreflect the changing energy of the detachment transition, as
tainties arising from individual samples. The errors increasevell as the evolving nature of the species probed. To exam-
significantly at short delays, where the mean eKE of the | ine the roles of these factors, ti#® values obtained in the
channel band is small, leading to significant distortions fromtime-resolved JBr~— 1~ experiment are compared to exist-
the center-line noise generated in the Abel invergfon. ing one-photon measurements for. 1 The comparison is

Within the present limits of uncertainty, no deviations of shown in Fig. 5, where the solid line represeifig as a
B4 from zero could be determined unambiguously. Fundafunction of eKE in I' photodetachment. This curve is ob-
mentally, theB, parameter is unaffected kg,, because of tained by fitting the available one-photon daf®®to an
the orthogonality of the®, and P, Legendre polynomials. expression given by Hanstogt al.®” which approximates a
Although inspection of the data suggests ti#at may be more rigorous treatment by Cooper and Z¥&® The fit
important at short delay$<300 f9, ignoring the fourth- over a broad energy range is shown in the ifi&the 3,
order term in Eq(1), i.e., settingB, to zero, at longer delays values from Fig. 4a) are shown as symbols in the main
has insignificant effect on the quality of the fits. This obser-panel of Fig. 5, where they are plotted against the peak po-
vation is important, because the last term in EL. arises  sition in the eKE domain.
due to molecular ensemble alignment in a measurement in- Overall, good correspondence of the time-resolved data
volving the absorption of two photons. The first absorptionto the asymptotic atomic-anion limit is observed. As eKE
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