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Field-induced alignment of £and N> was experimentally studied with laser intensities varying fror? i@

10" W/cn?. When the laser intensity was below the ionization threshold for these molecules, the interaction
between the induced dipole moment of molecules and the laser electric field aligned the molecules along the
laser polarization direction. After extinction of the exciting laser, the transient alignment revived periodically.
Thus macroscopic ensembles of highly aligneca@®d N, molecules were obtained under field-free conditions.
When the laser intensity exceeded the ionization threshold for these molecules, multielectron ionization and
Coulomb explosion occurred. Using two linearly polarized laser pulses with crossed polarization, we
demonstrated that the rising edge of the laser pulse aligned the molecules along the laser polarization direction
prior to ionization, which resulted in strong anisotropic angular distributions of exploding fragments. These
results suggest that the degree of alignment should be taken into account when qualitatively comparing the
ion yield of these molecules with their companion atoms.

Introduction precisely measure the angle-dependent strong field ionization
probabilities of molecules.

When the laser intensity exceeds1®V/cn¥, the electric
field of the laser is comparable to the Coulombic field felt by
the valence electrons in molecules. Several electrons may be
stripped away if the molecules are subjected to such an intense
laser field and highly charged molecular ions are therefore
formed. Due to Coulomb repulsion, the highly charged molec-
ular ions explode into multicharged atomic ions with large
kinetic energies. The angular distributions of the exploding
fragments have been observed to be highly anisotropic, which
is attributed to alignment prior to ionization or angle-dependent

The femtosecond laser is becoming a powerful tool to
manipulate the behaviors of moleculeéhen the laser intensity
is below the ionization threshold, the interaction between
molecules and strong nonresonant linearly polarized laser fields
tends to align the molecules with the most polarizable axis along
the laser polarization directictBecause the laser pulse duration
is less than the molecular rotational period, the laseolecule
interaction gives the molecules a rapid “kick” to move the
molecular axis toward the laser polarization direction. Following
the laser pulse, the molecules move through a moment of
collective alignment. Then they continue to rotate and pass.> "'~ . e
through the transient alignment periodically. Such laser ionization. The forr_ner is also claalled dynamic alignment _and
molecule interaction can produce macroscopic ensembles ofthe latter geometric alignmett In the case of dynamic
highly aligned molecules under field-free conditions and will alignment, the induced dipole moment mteracts_Wlth the rising
not interfere with subsequent applications. A variety of new edge of the laser pulse and sets up a torque to align the molecule

and exciting applications of field-free aligned molecules are along the laser polarization. The aligned molecules are ioni;ed
currently emerging: and Coulomb-exploded at the peak of the laser intensity.

When the laser intensity is further increased and passes the"D’ec"j“.J.Se the Coulomb e?(pIOSIOn process is rapid, the initial
ionization threshold for these molecules, the external field velocities of .the exploding fragments are para}lel to the
asymmetrically distorts the potential and forms a potential barrier molecglar axis. Therefore, the angu!ar distribution of the
on one side of the molecules. The electron in the highest explodmg_ ffag'T‘e’?tS represents the alignment d_egre_e of mol-
occupied molecular orbit tunnels through the barrier, which leads eculgs prior to ionization. In the case of geometric alignment,
to the field ionization of the moleculés.Various models have the ionization rate depends on the angle between the laser

been proposed to deal with the ionization of molecules in intense polanzatl(_)n phre_cuon and the mc_)lecular axis. Therefore, the
laser fieldss~11 One of the most important predications for these angular distribution of the exploding fragments represents the

models is that the strong field ionization rate for neutral @"dl€-dependent ionization probabilities of molecules.
molecules depends on the molecular orientation with respect Different methods have been used to determine the origin of
to the laser polarization. The angle-dependent ionization rate isthe anisotropic angular distribution of the exploding fragments,
therefore a key parameter to test the models. However, the risingthat is, the alignment mechanisr'® Among these methods,
edge of the laser pulse may align the molecules prior to double pulses with crossed polarization can be used to directly
ionization depending on the laser properties. Thus, coexistenceassess the contribution of geometric and dynamic alignifent.

between alignment and ionization makes it very difficult to |f geometric alignment dominates, molecules with their axes
perpendicular to the polarization of the first laser pulse will

* Corresponding authors. E-mail: cywu@pku.edu.cn (Wu); ghgong@ §urvi_ve and intgract with the seconq laser pulse whose pola_riza-
pku.edu.cn (Gong). tion is perpendicular to that of the first one. Therefore the first
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laser pulse will not reduce the signal generated by the secondduration. Therefore, the degree of alignment should be taken
laser pulse. On the other hand, if dynamic alignment dominates,into account when qualitatively comparing the ion yield of these
the first laser pulse will align all molecules within the laser molecules with their companion atoms in commonly used tens
focus, irrespective of their initial orientation. Thus, all molecules of femtoseconds laser fields.

will be ionized and depleted by the first laser pulse. Therefore,

the ion signal generated by the second laser pulse will be Experimental Section

reduced. The amount of depletion is a measure of the laser-

The laser system consisted of a chirped-pulse-amplified Ti:
induced alignment. Using this method, Posthumus é#f al. y Pec-p P

X X . sapphire system operating at 800 nm and at a repetition rate of
concluded that dynamic alignment dominated fos &hd 10 Hz. To study the interaction between molecules and the laser
geometric alignment dominated farunder a 50-fs laser field.  fie|q with intensity below the ionization threshold, a typical weak

O, and N> are the major ingredients of the atmosphere, and field polarization technique was us&tiThe 110-fs output pulse
their interaction with intense femtosecond laser fields has beenwas split into two parts to provide a strong energy pump beam
extensively studied. Dooley et #l.used a 45-fs linearly  and a weak energy probe beam both linearly polarized &t 45
polarized laser to produce macroscopic field-free aligned with respect to each other. The relative time separation between
molecules at well-defined time delays and observed the time the two pulses could be precisely adjusted using an optical
evolution of the alignment degree using an intense circularly translation stage controlled by a stepping motor. Both the pump
polarized laser pulse to explode the aligned molecules. Thusheam and the probe beam were focused with a 300-mm focal
they directly measured the alignment degree of molecules atlength lens into a 200-mm long gas cell at a small angle. The
various times after the extinction of the aligned laser. They also gas cell was filled with different gases at room temperature and
demonstrated that the degree of alignment could be improvedat one atmospheric pressure. The field-free aligned molecules
by two laser pulses at separate tifi€8/hen the laser intensity  induced by the short pump laser caused birefringence and
exceeds the ionization threshold, these molecules will be ionized.depolarized the probe laser. After the cell, the depolarization
The most remarkable finding is that suppressed ionization occursof the probe laser, which represents the alignment degree, was
for O, by an order of magnitude relative to its companion atom analyzed with a polarizer set at 9@ith respect to its initial
with nearly the same ionization potentfdlSeveral mechanisms,  polarization direction. To eliminate the laser fluctuation, a
such as electron rescatterifigcharge-screening correctién,  reference laser was introduced. The alignment signals and the
electron interferencand destructive quantum interfereri¢e,  reference laser signals were detected by two photoelectric cells
were proposed to explain the suppressed ionization £f O and transferred to a computer via a four-channel A/D converter
According to the molecular ADK theor;?5 the strong field for analysis.

ionization rate depends ofy, which is defined as the angle To study the interaction between molecules and laser fields
between the molecular axis and the laser polarization direction. with intensity above the ionization threshold, a typical time-
The maximum ionization occurs t= 0° for N, andd = 40° of-flight mass spectrometer was us@dA beam splitter was

for O,. Recently, Alnaser and Voss et?8F7studied the angular ~ used to divide the laser into two beams with equal intensity,
distributions of the exploding fragments of Bind Q irradiated and a half-wave plate was inserted into one of the laser beams
by an 8-fs laser at an intensity of 2 10 W/cn?, in which to rotate its linear polarization. Then the two laser beams were
dynamic alignment could be neglected. Thus the angular recombined by a beam splitter and focused into the chamber of
distribution of the exploding fragments represents the angle- a time-of-flight mass spectrometer by a lens with a focal length
dependent ionization. The results agreed with theoretical predic-of 150 mm. A gaseous sample was introduced into the chamber
tion by the molecular ADK theory; the exploding fragments via a pulsed valve (Park Inc., USA) with a 0.2-mm orifice. The
peaked ab = 0° for N, and@ = 40° for O,. It has been widely chamber pressure was maintained below 40~ Pa in order
recognized that the alignment mechanism was determined byto avoid space charge effects. The ions produced in the laser
the laser properties. Voss etZldemonstrated that geometric beam were accelerated by a two-stage electric field and detected
alignment dominated for both£nd N, by an 8-fs laser at an by a microchannel plate (MCP). The signals were typically
intensity of 2 x 10 W/cm? When the laser pulse duration averaged over 256 laser pulses and recorded using a 1-GHz
was lengthened or the laser intensity was increased, dynamicdata acquisition card (DP110, Acqiris Digitizers, Switzerland).
alignment took effect. Miyazaki et &% concluded that no
dynamic alignment happened for, Nnder 40-fs pulses at an  Results
intensity less than 20 W/cn?. However, Beylerian and 1. Field-Free Alignment of Nand Q Molecules with Laser
Cornaggi&’ concluded that both dynamic and geometric align- |ntensity below the lonization Threshold.
ment occurred for biby a 40-fs laser pulse at an intensity of  Fje|q-free alignment of molecules by strong femtosecond laser
10" W/en?. Posthumus et &F concluded that dynamic align-  pyises has been the topic of rapidly growing experimental and
ment dominated for iin a 110-fs intense laser field. theoretical interest in recent years. Now, researchers have
In this article, we have systemically studied field-induced developed two typical methods to measure experimentally the
alignment of Q and N: molecules by 800-nm, 110-fs laser alignment degree of molecules. The first one is realized by
pulses with intensities varying from o 10> W/cm?. When breaking the aligned molecule through multielectron dissociative
the laser intensity was below the ionization threshold of the ionization or dissociation followed by ionization of the frag-
molecules, we demonstrated that field-free alignment could be ments?! The alignment degre&os 00is thus deduced from
achieved using the weak field polarization technique. When the the angular distribution of the ionized fragments. The disad-
laser intensity was beyond the ionization threshold of the vantage of this method is that the probe laser is so strong that
molecules, we demonstrated that the rising edge of the laserit destroys the aligned molecules. The second method is the
pulse aligned the molecules along the laser polarization directionweak field polarization spectroscopy technique based on the
prior to ionization using two linearly polarized laser pulses with birefringence caused by aligned molecul&é$he advantage of
crossed polarization. The results indicated that alignment andthis method is that the probe laser is so weak that it neither
ionization coexisted for laser pulses with tens of femtoseconds affects the alignment degree nor destroys the aligned molecules.
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T T alignment degree of molecules prior to ionization. On the

g L @0, 4 contrary, if geometric alignment dominates, the angular distribu-
> tion of the exploding fragments represents the angle-dependent
8 T 2T T ] ionization probabilities of molecules. Recently, Alnaser and
e+t . Voss et aP5?7studied the angular distributions of the exploding
A fragments of Nand Q irradiated by an 8-fs laser at an intensity
T o0 4 8 12 16 20 24 28 %2 B 40 of 2 x 104 W/cn?. They observed that the atomic ions peaked
9 ———————————————————— at 0 = 0° for N> and 6 = 40° for O,. They concluded that
*2 () N . dynamic alignment could be neglected under their experimental
aE: - T 2T 3T 4T - condition and the angular distribution of the exploding fragments
c A . resulted from the angle-dependent ionization efadd G by
2 A h h A h - an 8-fs laser field. However, we demonstrated that a 110-fs laser
< 1 could align N and @ molecules along the laser polarization
T T T T T T T T direction with intensity below the ionization threshold of these
° 4 8 220 M B2 %40 molecules. In addition, we observed that the atomic ions peaked
Pump-probe delay / ps at = 0° for both N, and Q when these molecules were
Figure 1. Field-free a"gnment Signa|s versus puﬁ'nn’obe de|ay for Il‘radlated by our |ntense 110-fS |asel’ f|e|d Therefore, we
(a) @ and (b) N at room-temperature irradiated by 800-nm, 110-fs doubted that our measured anisotropic angular distribution of
laser pulses at an intensity ofs6 10 W/cn?. the exploding fragments resulted from alignment prior to

) __ ionization, that is, dynamic alignment. To investigate such a
In the present measurement, we used the weak field polarizationsossibility, we used a double-pulse method to evaluate the

spectroscopy technique to measure the alignment signab of N contribution of dynamic alignment.
and Q@ molecules by strong femtosecond laser pulses.

Figure 1 shows the alignment signal for diatomic molecules
(a) O, and (b) N at room temperature irradiated by an 800-
nm, 110-fs laser at an intensity ofs6 103 W/cn. The classical
rotational periodrl of molecules is determined by the equation
T = 1/(2 Boc), whereBy is the rotational constant in the ground
vibronic state and is the speed of the light. ForNand G, By
is 2.010 and 1.4456 cm, respectively’® The corresponding
rotational periodT is therefore 8.3 ps for Nand 11.6 ps for
O,. Figure 1 clearly shows that the alignment signal was
repeated every molecular rotational period. There were also
moments of strong alignment that occurred at smaller intervals.

Two laser pulses with crossed polarizations were fired with
separate times. Instead of observing the depletion of the ion
signal generated by the second laser pulse, we observed the
difference between the double-pulse mass spectra with the
parallel laser preceding the perpendicular laser and that with
the parallel laser following the perpendicular laser. When
dynamic alignment dominates, all molecules at the laser focus
are aligned and Coulomb-exploded by the first laser pulse,
causing the atomic ion signal generated by the second laser pulse
to be greatly reduced. Therefore, the double-pulse mass spectrum
depends on the relative timing of the parallel and perpendicular

The difference at quarter full revival for £and N can be polarized laser pulses. If the parallel polarized laser precedes

explained by the different nuclear spin weights of the even and the perpendicular. poIar?ze:d laser pullse, then the double-pulse
odd J states in the initial distribution, AT/4, 3T/4, 5T/4 ... mass spectrum will be similar to the single-pulse mass spectrum

revivals, the odd wave packet has maxima (minima) whereas for a pgrallel polquzed laser pulse alone. Howeverz if the
the even) wave packet has minima (maxima). For homonuclear perpendicular polarized laser precedes the parallel polarized laser

diatomic molecules, the nuclear spin statistics control the relative PUIS€: then the double-pulse mass spectrum will be similar to
weights between even and odatates. In the case of,Oonly the single-pulse mass spectrum for a perpendicular polarized
oddJ states are populated. Since only a single localized wave 'aSer pulse alone. When geometric alignment dominates, the
packet existed, strong net alignment and antialignment were firstlaser pulse only Coulomb-explodes the molecules with axes
observed near the time of a quarter revival. In the case.of N parallel to the laser polarization, and the remaining molecules
the relative weights of the even and oéidere 2:1. As a result with axes perpendicular to the first laser polarization will be
the temporary localization of the evehwave packet af/4 ionized and Coulomb-exploded by the second laser pulse.
was partially canceled by its odd counterpart. Thus, small net Therefore, there is no apparent difference between the double-
N, alignment and antialignment were observed rtearnT/4, pulse mass spectrum with the parallel laser preceding the
where n is an odd number. This work indicated that a Perpendicular laser and that with the parallel laser following
femtosecond laser field can control the alignment of molecules e .perpendlcular Ia§er. '

and that macroscopic ensembles of highly field-free aligned N Figure 2 shows typmal results of the double-pulse.experlment.
and Q molecules can be achieved for practical application in Figure 2a,b is the single-pulse mass spectrazifi@diated by

the laboratory. a single 110-fs, 800-nm laser pulse at an intensity of 60
2. Field-Induced Alignment of Nand GQ Molecules with W/cn?. The laser polarization was (a) perpendicular and (b)
Laser Intensity Exceeding the lonization Threshold. parallel to the time-of-flight axis. Strong singly and doubly
Chu et al*! calculated the ionization probabilities of.ldnd charged parent ions had similar shapes and intensity for both

O, using an all-electron ab-initio theory. They reported that the parallel and perpendicular laser polarizations. However, the
ionization probability was 0.0285 for\and 0.0601 for @at atomic ions O and G* exhibited different behaviors. When

an intensity of 1x 10 W/cn?. Many researchers reported that the laser polarization was parallel to the TOF axis, each atomic
multielectron ionization and Coulomb explosion occurred when ion was split into double peaks. However, when the laser
the laser intensity exceeded 110W/cm?.34-36 The angular polarization was perpendicular to the TOF axis, these atomic
distributions of the exploding fragments were observed to be ions disappeared. The splitting double peaks of the atomic ions
highly anisotropic, which was attributed to dynamic alignment indicated that Coulomb explosion occurred under the experi-
or geometric alignment. If dynamic alignment dominates, the mental conditions. The difference of mass spectra for parallel
angular distribution of the exploding fragments represents the and perpendicular polarizations can be attributed to the large
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. ) Figure 3. TOF mass spectra of Nrradiated by 800-nm, 110-fs laser
Figure 2. TOF mass spectra ofrradiated by 800-nm, 110-fs laser  jses (a) perpendicular polarized laser alone; (b) parallel polarized

pulses (a) perpendicular polarized laser alone; (b) parallel polarized |55er alone; (c) double pulse with perpendicular polarized laser

laser alone; (c) double pulse with perpendicular polarized laser preceding parallel polarized laser by 500 fs (black line) and double
preceding parallel polarized laser by 500 fs (black line) and double se with parallel polarized laser preceding perpendicular polarized

pulse with parallel polarized laser preceding perpendicular polarized |55er by 500 fs (red line). The laser intensities were G0 W/cr?
laser by 500 fs (red line). The laser intensities were &0 W/cn? for both perpendicular and parallel laser pulses.

for both perpendicular and parallel laser pulses.

tions, in which the rising edge of the laser pulse aligned the
molecules along the laser polarization direction prior to ioniza-
tion. Therefore, the angular distribution represented the align-
ment degree of molecules prior to ionization.

kinetic energy of the fragmental ions produced in the Coulomb

explosion. When these ions are ejected in the direction
perpendicular to the TOF axis, they will miss the microchannel

plate and cannot be collected by the detector. However, when
these ions are ejected in the direction parallel to the TOF axis, . .

. . Discussion
they will produce two peaks in the mass spectrum. The early-
arriving peak corresponds to the forward ions with initial Voss et ab’ observed that the atomic ions peaked at 0°
velocities toward the detector. The late one corresponds to thefor N, andd = 40° for O, by an 8-fs laser at an intensity of 2
backward ions with initial velocities moving away from the x 10% W/cn?. They concluded that geometric alignment
detector and is reversed by the extraction field. The difference dominated and the angular distribution of the exploding frag-
between Figure 2a and 2b implied that the distributions of atomic ments therefore represented the angle-dependent ionization of
ions are highly anisotropic, having a maximum along the laser molecules. The results agreed with theoretical prediction by the
polarization and a minimum perpendicular to it. The origin for molecular ADK theory, the maximum ionization occurredat
such anisotropic angular distributions was evaluated by the = 0° for N, andd = 40° for 0,.25 We observed that the atomic
double-pulse method. ions peaked aff = 0° for both N, and Q; the results implied

Figure 2c shows the characteristic double-pulse mass spectrahat the geometric alignment was not significant under our
for irradiation by both the parallel and the perpendicular experimental conditions. Using a double-pulse method with
polarized laser pulses. The laser intensity was 504 W/cny crossed polarization, we confirmed that dynamic alignment
for both the parallel and perpendicular polarized laser. The black dominated, in which the rising edge of the laser aligned the
line represents the double-pulse mass spectrum with themolecules prior to ionization. Coexistence of alignment and
perpendicular laser preceding the parallel polarized laser by 500ionization require that the degree of alignment should be taken
fs, and the red one represents the double-pulse mass spectrurmto account when the ion yield of these molecules is qualita-
with the parallel laser preceding the perpendicular laser by 500 tively compared with their companion atoms. Because maximum
fs. It can be seen that the double-pulse mass spectrum depend®nization occurs afl = 0° for N, and@ = 40° for O, the ion
on the timing between the parallel laser and the perpendicularyield will be greater for N and smaller for @ than the
laser. When the parallel laser preceded the perpendicular lasercounterparts at random orientation when the molecules are
the double-pulse mass spectrum was similar to the single-pulsealigned along the laser polarization prior to ionization. The
mass spectrum for irradiation by the parallel laser alone. When current double-pulse experiment demonstrated that, for our
the perpendicular laser preceded the parallel laser, the doublecommonly used laser with tens of femtoseconds duration, the
pulse mass spectrum was similar to the single-pulse massrising edge of the laser pulse aligns the molecules along the
spectrum for irradiation by the perpendicular laser alone. The laser polarization direction. Then the aligned molecules are
results demonstrated that the first laser pulse had ionized andionized at the peak of the laser intensity. While the ionization
Coulomb-exploded almost all molecules in the laser focus and probability is minimum for @ molecules with the axes along
indicated that dynamic alignment was dominant. Our conclu- the laser polarization, the ion yields are therefore smaller than
sions are also consistent with reports of Voss &t dlhey those at random orientation. Such alignment prior to ionization
observed that the atomic ions peake@ at 40° when geometric can, at least, partially explain the suppression gtéative to
alignment dominated for £by an 8-fs laser at an intensity of the companion Xe atom with nearly the same ionization
2 x 10" W/cn?. potential. Further theoretical calculation indicates that the longer

Similar results were also observed fog, Which are shown the laser pulse width, the higher the alignment degree prior to
in Figure 3. These results demonstrated that dynamic alignmentionization3” It is therefore expected that the suppression
dominated for these molecules under our experimental condi- becomes higher for longer laser pulses. Such expectation was
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also verified by the experimental results that the ion yield ratio
for pairs Q/Xe became smaller when the laser pulse width
became longet®

Under our experimental conditions, the anisotropic angular
distribution of the exploding fragments resulted from the
dynamic alignment. Thus, the angular distribution of the

J. Phys. Chem. A, Vol. 110, No. 34, 20080183

to the molecular axis) of ©is larger than that of P it is
expected that the alignment degree is higher fortlan that
for N, under the same laser conditions, which agreed with our
measurement that fwhms are smaller for i®lative to their
counterparts for i

It should be noted that the angular distributions were almost
equal for O, O?*, and G+ and became narrower for'iNN2+,
and N¥*. Our above-mentioned double-pulse experiment clearly
demonstrated that dynamic alignment dominated for both N
and Q, so why did the angular widths display different
behaviors for exploding fragments ofnd Q? Tong et af’
recently pointed out that there is an important post ionization
alignment effect of molecular ions in addition to the dynamic
alignment of neutral molecules before ionization. Such post
ionization alignment results from the breakup of a rotating linear
rotor. Alignment is generally higher for higher charged molec-
ular ions. The angular width therefore becomes narrower for
higher-charged atomic ions if post ionization alignment plays
an important role at the falling edge of the pulse. In the present
study, the same width of the angular distributions for dlf O
(n=1, 2, 3) implied that alignment prior to ionization dominates
and post ionization alignment can be neglected forHowever,
for N,, the narrower angular widths for N N2+, and N*
indicated that post ionization alignment has an important effect
at the falling edge of the pulse. In other words, comparing with
alignment before ionization, post ionization alignment plays an
important role for N even though it can be neglected fos.O

Conclusions

In summary, we have experimentally studied field-induced
alignment of Q and N molecules in a femtosecond laser field
with intensity varying from 1& to 10> W/cm?. When the laser
intensity is below the ionization threshold, the interaction
between the induced dipole moment and the laser field aligns
the molecular axis along the laser polarization. We demonstrated
that such alignment could be periodically revived under field-
free conditions using weak field polarization spectroscopy.
When the laser intensity exceeded the ionization threshold,
multielectron ionization and Coulomb explosion occurred. Using
two linearly polarized laser pulses with crossed polarization,
we demonstrated that the rising edge of the laser pulse aligned
the molecules along the laser polarization direction prior to
ionization and resulted in the anisotropic angular distribution
of the exploding fragments. Coexistence of alignment and
ionization indicated that the degree of alignment should be taken
into account when the ion yield of these molecules is qualita-

exploding fragments represented the alignment degree oftively compared with their companion atoms in tens of femto-

molecules prior to ionization by the rising edge of the laser
pulse. We also measured the angular distribution of the
exploding fragments. By rotating the half-wave plate, the
polarization direction of the linear laser beam was changed
relative to the TOF axis. Subsequently, the angular distribution
of ions was obtained through measuring the ion intensity at
different laser polarization angles. The full widths at half-
maximum (fwhm) of ions represent the alignment degree of
molecules prior to ionization. The smaller the fwhm is, the
higher the degree of the alignment. The results bf O = 1,

2, 3) and N (n = 1, 2, 3) are shown in Figure 4 and Figure
5. The atomic ions had a maximum when the laser was parallel
polarized and a minimum with a perpendicular polarized laser.
The fwhms were 38 38, and 37 for O, 0", and G*, and

81°, 63°, and 583 for N*, N2+, and NP*, respectively. Because
the polarizability anisotropy (representing the difference between
the polarizabilities in the directions parallel and perpendicular

seconds laser pulse fields. The fwhms, which represented the
alignment degree of molecules prior to ionization, were also
measured for the exploding fragments. They are similar for O
(n=1, 2, 3) and become narrower fofN(n = 1, 2, 3). Such
differences were interpreted by the relative importance between
alignment prior to ionization and post ionization alignment.
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