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Identification of isomers and control of ionization and dissociation
processes using dual-mass-spectrometer scheme and genetic
algorithm optimization*
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Identification of acetone and its two isomers, and the control of their ionization and dissociation processes are per-
formed using a dual-mass-spectrometer scheme. The scheme employs two sets of time of flight mass spectrometers to
simultaneously acquire the mass spectra of two different molecules under the irradiation of identically shaped femtosecond
laser pulses. The optimal laser pulses are found using closed-loop learning method based on a genetic algorithm. Com-
pared with the mass spectra of the two isomers that are obtained with the transform limited pulse, those obtained under the
irradiation of the optimal laser pulse show large differences and the various reaction pathways of the two molecules are
selectively controlled. The experimental results demonstrate that the scheme is quite effective and useful in studies of two
molecules having common mass peaks, which makes a traditional single mass spectrometer unfeasible.
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1. Introduction

Coherent control (quantum control), in which a molecule
system is steered towards the desired direction by manipulat-
ing its interaction with a laser field, has received widespread
attention since it was proposed conceptually in the 1980s.!1-3]
A variety of coherent control studies on ionization,*! selec-
tive fragmentation,[S] population transfer,[®! isomerization,[”!
impulsive stimulated Raman scattering (ISRS),'®! and high-
harmonic generation,[g] have been conducted. Initially, co-
herent control strategy was used to solve the problem of sim-
ple systems, such as atoms or diatomic molecules. Optimal
control was achieved by changing one or a few of the param-
eters of the laser field in time and frequency domain, such
as intensity, 'l wavelength,!!'! spectral bandwidth,!'?! pulse
duration, '3 and temporal envelope.!'¥! However, for most
molecular systems, which have more complex structures, it is
hard to predict the optimal laser field that can guide the sys-
tem towards the particular target because the system Hamil-
tonian is usually not known well enough or is even unknown.
Thus, a closed loop control scheme using learning algorithms
was proposed by Judson and Rabitz,!'3! and Warren ez al.['%!
The adaptive feedback control method enables the experimen-
tal system itself to find the tailored laser pulse, which maxi-

o [17-19

mizes a pre-designed target valu 1 Various methods have

been developed to better decipher the optimal control mech-
anism by automatically finding the pulse train. For example,
control pulse cleaning can be used to exclude extraneous pulse

18,20

structures, 8201 and a few-parameter spectral phase modula-
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tion can be used to narrow the searching space. >!2%]

As an object of coherent control study, the molecular fam-
ilies, such as the homologous molecule series and isomers,
have received special interest recently. This is due to the sim-
ilarity in the structures of these molecules, which challenges
scientists to distinguish them, as well as to control the reaction
from one molecule to another. For example, Tachiya et al. in-
vestigated the different behaviors in the ionization processes of
a series of methyl halide molecules, by using two-colored fem-
tosecond laser fields with a controlled phase between them. >3]
Li and Bruder proposed theoretically that a series of differ-
ent polarized femtosecond laser pulses may be used to dis-
tinguish the left- and right-handed chiral molecules.!”*! Car-
doza et al. studied the fragmentation mechanisms of a series of
molecules with an acetone structure in which H atoms in one
methyl radical are substituted by different atoms.?> Learn-
ing control is used to maximize the yield ratio of the substi-
tuted to the un-substituted methyl radical, of each molecule.
Cruz et al. found the most different fingerprints of two xylene
isomers, under the irradiation of shaped femtosecond laser
pulses, by the method of binary phase shaping (BPS) space
mapping.!?®! These molecules yield practically identical mass
spectrum (MS) when a transform limited (TL) laser pulse is
used. In order to increase the degree of identification or con-
trol over similar molecules, two aspects should be considered.
Firstly, one needs to simultaneously change many parameters
of the laser field, such as the relative position, intensity, and
phase of each sub-pulse in a femtosecond pulse train. In order
to find the solution with higher quality, the search space of the
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phase on a femtosecond laser spectrum should be selected to
be as large as possible; hence, there will be more varieties of
laser pulse shapes. Secondly, even in a few studies in which
the closed loop learning method was used, the optimal control
was only used on one molecule in the molecular family, in one
optimal experiment. However, the pulse shape found after one
run of the experiment can only be used to control the reaction
dynamics of that molecule. An optimal pulse shape that can
simultaneously control the reaction pathways of the two dif-
ferent molecules needs to be found if the goal is to distinguish
or control these similar molecules.

In this paper, we report a dual-mass-spectrometer scheme
in which the mass spectra of two different isomeric molecules
from two spectrometers but under the irradiation of the same
shaped pulses are obtained synchronously. Closed loop learn-
ing method is used to maximize the yield ratio of the two ions
from two spectrometers. The goal is to investigate the optimal
control of ionization, dissociation and isomeric identification
in acetone and two of its isomers, i.e., propylene oxide and
propionaldehyde.

2. Experimental setup

The experimental setup in the present study is shown
schematically in Fig. 1. It consists of a laser system, a pulse
shaping setup, two sets of time of flight (TOF) mass spectrom-
eters (denoted as TOF I and TOF II), two molecular beam
systems, two detection systems, and a computer control sys-
tem with a genetic algorithm (GA)?”! program. The fem-
tosecond laser pulses are generated by an oscillator (Spectra-
Physics Tsunami), and are amplified by a Ti:sapphire regener-
ative chirp-pulse amplification laser (Spectra-Physics Spitfire
amplifier) with a central wavelength of 800 nm, a pulse dura-
tion (FWHM) of 90 fs, and a repetition rate of 1000 Hz. Pulse
shaping is performed in between the oscillator and the am-
plifier. The final laser beam is split into two identical beams
by a semipermeable mirror, after which they are focused re-
spectively by two identical lenses, each with a focal length
of 225 mm, into the vacuum chambers of the two sets of
TOF mass spectrometers. The intensities of the laser beam at
the focal spot where it interacts with the molecular beam are
about 1.3x10'3 W/cm? for the isomeric identification experi-
ment and 3.0x 10! W/cm? for the ionization and dissociation
control experiment. A half-wave plate and a Glan prism are
placed in front of each lens to adjust the laser intensity. The
samples are acetone (Beijing Chemical Works, purity 99.5%),
propylene oxide (Sinopharm Chemical Reagent Co, Ltd, pu-
rity 99%), and propionaldehyde (Tianjin Guangfu Fine Chem-
ical Research Institute, purity 98%). In each mass spectrom-
eter, the produced ions in the femtosecond laser field are col-
lected by a dual micro-channel plate (MCP) detector at the
end of the flight tube. The detected signal is amplified by a
preamplifier (ORTEC VT120A) and then sent to an oscillo-
scope (Tektronix TDS 3054C). In order to clearly show the

intensity of each peak in the mass spectrum, in the current pa-
per the mass spectra are presented as bar diagram, in which
the height of each bar corresponds to the integrated intensity
of each mass peak. The processes in the two TOF mass spec-
trometers are identical and are fully synchronized. The mass
spectrum signals from the isomers in the two TOF mass spec-
trometers are transmitted to a computer synchronously, serv-
ing as a closed-loop feedback signal, which is called “fitness”.
In the present study, the fitness is defined as the intensity ratio
of a mass peak from one TOF mass spectrometer to that from
the other TOF mass spectrometer. This means that the two
sets of TOF mass spectrometers do not need to be completely
identical because the ratio of mass peak yields rather than the
absolute values are used as fitness.

The pulse shaping setup in the present work is similar
to that used in our previous work.?8 It consists of a spatial
light modulator (SLM, CRI, SLM-640-D-VN), two gratings
(2000 grooves/mm), and two lenses (focal length f =300 mm)
arranged in a 4- f setup.'?° The laser spectrum is dispersed by
the first pair of grating and lens onto the spatial light mod-
ulator, where each spectral component is modulated differ-
ently according to the phase pattern on the spatial light mod-
ulator. Then, all of the spectral components are recollimated
again into a shaped pulse. The multiphoton intrapulse interfer-

)130-321 method is used to ensure that

ence phase scan (MIIPS
the pulse without any phase modulation (constant phase as a
function of wavelength) is transform-limited, and hence the
pulse shapes with phase modulation are accurate and the re-
producibility of the result is ensured. In the GA optimization
process, an initial population of 46 individuals (46 different
spectrum phase patterns) is generated randomly. Two mass
spectra are obtained for each individual, and the fitness is cal-
culated. All of the 46 fitnesses are evaluated and used to gen-
erate the next generation’s 46 individuals. This process keeps
going iteratively until an optimal solution is obtained. In order
to reduce the phase searching space in the closed-loop con-
trol experiment, a sine phase function shown in the following
equation:

y(m) = Asin[(m—mg)T + ¢, e))

instead of the random phase is loaded onto the SLM, which
generates a train of equally spaced pulses.

In the above equation, y(m) is the phase loaded onto the
pixel m of SLM, and my is the central pixel number. The num-
ber of sub-pulses in the train is controlled by parameter A. The
spacing between them is controlled by parameter 7', and ¢ rep-
resents a constant phase offset. 33! For our present pulse shap-
ing setup, the relationship between spacing and 7 is given by

At (ps) = 18.236/T. )

For example, a T value of 91 roughly gives a sub-pulse spac-
ing of 200 fs.
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oscillator

amplifier

Fig. 1. (color online) Schematic diagram of the experimental setup. The pulse shaping setup is placed between oscillator and amplifier, which
includes lens (Le), grating (Gr), mirror (Mi), and SLM. The shaped pulse from the amplifier is split into two identical beams by a semipermeable
mirror (SMi). Two identical lenses focus respectively the two laser beams into vacuum chambers of the two sets of TOF mass spectrometers.
A half-wave plate (HWP) and a Glan prism (GP) are placed in front of each lens for adjusting the laser intensity. The gas handling, and ion
detection system for each TOF mass spectrometer include a nozzle (NO) and a microchannel plate (MCP). The electronic devices include two
oscilloscopes (OSs), two preamplifiers (PAs), two high voltage supplies (HVs), and a computer (PC).

3. Results and discussion
3.1. Identification of isomers

In order to identify different molecules, their spectra need
to be different under the irradiation of the same laser field. In
the mass spectra of isomers, there usually exist common peaks
with the same mass-to-charge ratio (m/z). With GA, it is im-
possible to find the pulse shape that can maximize the yield
ratio of these peaks using just one spectrometer because they
overlap in the spectrum, if one uses the mixture of the two
molecules as the sample. The peaks of the parent ions are the
common ones that can be observed in the isomers’ spectra. As
seen in Fig. 2, in the mass spectra of the two isomers under
the irradiation of the TL laser pulse and optimal laser pulse,
they all show a prominent peak at the parent ion position, i.e.,
m/z = 58. The optimal pulse shape is obtained from the GA
iterative optimization process, in which the fitness is defined
as the parent ion integrated intensity ratio of propylene oxide
in TOF I to acetone in TOF II, irradiated by the pulses with
the same shape. Figures 2(a) and 2(b) show that bar diagrams
of the mass spectra of propylene oxide, figures 2(c) and 2(d)
show those of acetone; figures 2(a) and 2(c) are obtained us-
ing TL laser pulse, and figures 2(b) and 2(d) are obtained us-
ing optimal laser pulse. In order to clearly show the change of

the integrated intensity after optimization, for each molecule
the mass spectrum peaks are normalized to the parent ion in-
tensity obtained using a TL laser pulse. All of the intensities
of other peaks, including the spectra from TL pulse and op-
timal pulse, are relative to this peak. The relative yield of
propylene oxide’s parent ion is increased by 160% using an
optimal pulse, and a considerable increase of other fragments’
intensities is also observed compared with those from the MS
obtained using TL laser pulse. The yield of acetone’s parent
ion under the irradiation of optimal pulse is almost unchanged
compared with that under the irradiation of TL pulse, while
the intensities of fragments increase slightly.

The fitness as a function of iterative generation is shown
in Fig. 3(a), which increases from about (.12 at the first gener-
ation to about (.18 after the 39th generation. The fitness from
TL laser pulse is only 0.09. The increased yield of propylene
oxide’s parent ion is mainly responsible for the increased fit-
ness under the irradiation of optimal pulse because the yield
of acetone does not change much. After the 39th generation of
the GA optimization, the sine phase function parameters A, T
and ¢ obtained are 0.88, 90.78, and —2.98, respectively, which
corresponds to a train of three equally spaced pulses and the
separation between adjacent sub-pulses is 201 fs.
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Fig. 2. Bar diagrams of the mass spectra of propylene oxide and acetone under the irradiation of the TL and optimal laser pulse. Panels (a)
and (b) show the mass spectra of propylene oxide corresponding to the TL and optimal laser pulse, respectively. Panels (c) and (d) display the
mass spectra of acetone corresponding to the TL and optimal laser pulse, respectively. For each molecule, all of the peaks in the two spectra
are normalized so that the integrated intensity of the parent ion with TL laser pulse equals unity.
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Fig. 3. (a) Fitness (yield ratio between propylene oxide and acetone at
m/z = 58) as a function of generation; (b) Fitness (yield ratio between ace-
tone at m/z = 43 and propionaldehyde at m/z = 58) as a function of genera-
tion. The arrows indicate the corresponding fitnesses obtained with TL laser
pulse.

In order to testify the correctness of the GA optimization
result from the dual mass spectrometer scheme, an open loop
scan of the T value in sine phase function is performed, with
the other two parameters fixed at the values obtained from GA
optimization, A = 0.88 and ¢ = —2.98. The T value is scanned
from 10.25 to 151.23, which corresponds to sub-pulse separa-
tion from 1.78 ps to 121 fs. When calculating the fitness, if any
one of the peak intensities is too small, the fitness will be set
to be zero in order to exclude the influence of noise. As shown
in Fig. 4, when T is in a range from 10.25 to 75.75, the fitness
is small and increases slowly with the increase of 7. A broad
peak appears between T = 75.75 and 107.03, with the high-
est point at 7 = 90.03 and correspondingly the highest value
of the peak is 0.17. The T scan result is consistent with the
GA optimization result, and demonstrates that the combined
method of GA optimization and dual spectrometer scheme is
reliable. At even larger T values, the fitness is also small and

increases slowly with the increase of 7.
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Fig. 4. Fitness as a function of parameter T in sine phase function, and
the other two parameters are fixed at A = 0.88, and ¢ = —2.98.

In the GA run to increase the difference between the two
mass spectra, we choose the fitness to be the yield ratio of two
peaks in the two spectra. In principle, the two mass spectra
can be readily identified even if only this one peak is differ-
ent. However, to better describe the degree of the difference
between the two whole mass spectra, we introduce a parame-
ter called difference degree y. This parameter can also be used
as the fitness in the GA optimization process. For isomeric
identification, the structures of the mass spectra, but not their
absolute intensities, are important. Therefore, the expression
of 7y can be written as

1 N

YZNZ

i

P —P;

> o 3)
Pii+ Py

in which Pj; and P; are the normalized relative yield of the i
ion peak, from mass spectra obtained using TOF I and TOF
II, respectively; and, N is the number of the ion peaks selected
to calculate y. If the yields of the same peak from both spec-
tra are very small, then the peak will not be included in the
calculation. From Eq. (3), we can see that the value of ¥ is
in a range from O to 1. When the mass spectra of two iso-
mers are completely the same, ¥y = 0. A value of 1 means
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that the two spectra are completely different; i.e., if a certain
peak appears in one spectrum, it will not appear in the other
spectrum. A larger value of 7y indicates a larger difference be-
tween two mass spectra. In the present study, the goal is to
increase the difference between the mass spectra; i.e., to in-
crease the value of y. For example, we calculate the values
of v for the mass spectra shown in Fig. 2 obtained with TL
laser pulse and optimal laser pulse. In the calculation, com-
mon peaks of m/z = 15, 43, and 58 are included. The degree
of difference y between the mass spectra of propylene oxide

and acetone increases from 0.41 using TL laser pulse to 0.62
using optimal laser pulse.

In other attempts, we increase the difference between
the mass spectra of propylene oxide and acetone by increas-
ing the yield ratio of same ion peak at m/z = 15 or 43, and
that between the mass spectra of propylene oxide and propi-
onaldehyde by increasing the yields ratio of same ion peak at
m/z =29 or 43. The corresponding fitness and difference de-
grees Y are shown in Table 1 for transform limited laser pulse
and optimal laser pulse.

Table 1. Values of fitness (yield ratio of the ion peak with same m/z) and difference degree ¥ in two acetone isomers for TL pulse and

optimal pulse.

29 (propylene oxide/

58 (propyleneoxide/

15 (propylene 43 (propylene

m/z propionaldehyde) propionaldehyde) oxide/acetone) oxide/acetone)
Fitness 0.37 0.11 1.21 1.03
TL pulse
Y 0.42 0.45 0.43 0.42
. Fitness 1.06 0.19 1.96 3.15
Optimal pulse
Y 0.51 0.49 0.54 0.56

3.2. Optimization of the ionization and dissociation pro-
cesses of different molecules

In a mixture of different molecules one might want to se-
lectively control their reactions in order to obtain the products
only from specific molecule, to remove unwanted molecule,
etc. When optimizing the yield ratio between two peaks from
two different molecules with different mass-to-charge ratios,
if one of the two peaks also exists in the other molecule’s
spectrum, then one cannot use a single spectrometer to run
the GA process because it is impossible to obtain the correct
yield from an overlapped peak.

We first look at the optimization of dissociation process
of acetone in the ionization process of propionaldehyde. The
fitness is defined as the integrated intensity ratio of acetone
fragment ion at m/z = 43 from MS using TOF I to propi-
onaldehyde’s parent ion at m/z = 58 from MS using TOF IL
There has been much research work on the ionization and dis-
sociation dynamics of acetone under the irradiation of an laser
field.3*37] The ion peak at m/z = 43 in acetone MS corre-
sponds to the acetyl fragment ion. Under our laser field con-
dition, the dominant channel yielding the acetyl fragment ion
is for the dissociation of parent ion by breaking the C—C bond
34351 which is
).[38.39]

between acetyl fragment ion and methyl radical, !
the process of ionization followed by dissociation (ID
Other channels are also possible, e.g., acetyl radical is first
produced by dissociation, and then ionized to produce acetyl
fragment ion,?*37! which is the process of dissociation fol-

38,391 The purpose of the current GA

lowed by ionization (DI).!
optimization is to find a shaped femtosecond laser pulse such
that it favors the channels yielding acetyl fragment ion and
suppresses the channels yielding the propionaldehyde’s parent

ion. The bar diagrams of mass spectra of acetone and propi-

onaldehyde are shown in Fig. 5, in which figures 5(a) and 5(b)
show the mass spectra of acetone and figures 5(c) and 5(d)
display the mass spectra of propionaldehyde; and, figures 5(a)
and 5(c) are obtained using TL laser pulses, figures 5(b) and
5(d) are obtained using optimal laser pulses. Using the same
method as that in Subsection 3.1, the mass spectra of each
molecule are normalized to the intensity of its parent ion ob-
tained using TL laser pulse. Under the irradiation of the opti-
mal laser pulse, the yield of the m/z = 43 fragment from ace-
tone molecule is increased by 120% in comparison with that
obtained from TL pulse. The yields of other fragment ions
also increase; however, the yield of acetone’s parent ion is al-
most unchanged. A similar change of the yield of fragment
ions to that of parent ions is also observed for propionalde-
hyde molecule but with a more obvious increase of the frag-
mentation. The fitness as a function of generation is shown in
Fig. 3(b). The fitness, which is only 0.012 with TL laser pulse,
increases to 0.025 after the 32th generation. The increase of
yield of acetone’s fragment at m/z = 43 is responsible for the
increase of fitness.

In other runs of the GA optimization, we choose differ-
ent combinations of ions from two molecules and try to se-
lectively control the channels forming these products. For ex-
ample, the ion peak at m/z = 15 in acetone mass spectrum
corresponds to methyl fragment ion CHY, which is formed by
a channel competitive to the one forming acetyl ion discussed
above.’’! In Fig. 5, we optimize the relative yield of an acetyl
ion. While in another GA run, we set the goal as favoring
the channels yielding methyl ion and suppressing the channels
yielding propionaldehyde’s parent ion. The results from four
yield ratio optimization runs of different ion peaks in the two
acetone isomers are shown in Table 2.
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Fig. 5. Bar diagrams of the mass spectra of acetone and propionaldehyde under the irradiation of the TL and optimal laser pulse. Panels (a) and
(b) show the mass spectra of acetone, corresponding to the TL and optimal laser pulse, respectively. Panels (c) and (d) display the mass spectra
of propionaldehyde corresponding to the TL and optimal laser pulse, respectively. For each molecule, all of the peaks in the two spectra are
normalized so that the integrated intensity of the parent ion with TL laser pulse equals unity.

Table 2. Values of yield ratios of ion peaks with different m/z in two acetone isomers.

15/58 (acetone/

29/58 (propylene oxide/

43/58 (propylene oxide/ 43/27 (acetone/

mfz propionaldehyde) acetone) propionaldehyde) propionaldehyde)
TL pulse 0.007 0.13 0.05 0.03
Optimal pulses 0.012 0.27 0.09 0.08

3.3. The scheme of the dual mass spectrometer

In Subsections 3.1 and 3.2, we have used the dual
mass spectrometer scheme, together with GA optimization of
shaped femtosecond laser pulses, to identify isomers or to con-
trol the reaction of different molecules. In this subsection, we
will discuss the main advantages of this scheme over the tra-
ditional single spectrometer scheme.

When one works with two or more molecules at the same
time it is possible that some of the peaks in their mass spectra
overlap with each other. This is especially true when these
molecules are isomers or can be considered to be within a
molecular family. Sometimes, all of peaks, and even their in-
tensity distributions, are the same for different isomers, under
the irradiation of the transform limited single pulse. In or-
der to search for the shaped femtosecond pulse shape that can
distinguish different isomers, the mass spectra of the isomers
under the irradiation of same laser fields need to be compared
with each other. There are different ways to do this. One way
is to scan the parameter of femtosecond laser field and check
the difference between the spectra of different isomers at each
laser field parameter; i.e., doing an open loop study. The iden-
tification of xylene isomer molecules has been studied, 2640411
which are among the very few studies on isomer identification

using a shaped femtosecond laser pulse and a mass spectrom-

eter. The molecules yield essentially the same spectra under
the irradiation of a transform limited pulse. By using a binary
phase shaped laser pulse, in which each laser spectral compo-
nent has a phase of 0 or 7, they increase the difference be-
tween mass spectra. However, since the possible pulse shapes
that can be generated from a pulse shaper are practically un-
limited (a 128-pixel SLM with 100 degree of voltage levels
yields 10%° pulse shapes), a complete scan of all the avail-
able pulse shapes is impossible. Cruz et al.!*®! simplified the
pulse shape space by assigning the adjacent 10-SLM pixel the
same value and by reducing the voltage levels to the two bi-
nary values. In this way a search space of 1024 possible pulse
shapes is achieved. Although this makes the experiment feasi-
ble, the greatly reducing searching space makes it almost im-
possible to find the true best pulse shape. To search in a much
larger space, GA optimization needs to be used. However, for
the isomer identification, GA optimization with a single mass
spectrometer is not feasible. One might be able to perform the
GA run on one of the two isomers at a time, aiming at making
their mass spectra look different. However, the optimal laser
pulse shapes found from each GA run for each molecule are
not likely to be the same. Finally, we need to find a single
pulse shape under which irradiation the two isomers yield two

different mass spectra.
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Using the dual-spectrometer scheme proposed in the
present study, the laser beam is divided into two beams and the
same laser field irradiates two isomers simultaneously. Thus,
a GA optimization can be performed, whose fitness is taken
from the two mass spectrometers, without the interference of
one spectrum to the other. The optimal pulses are obtained
from a much larger searching space. This will have the abil-
ity to distinguish isomers when the pulse irradiates each pure
molecule sample. After calibration, it will also be able to show
the relative concentration of each molecule sample when it ir-
radiates the molecular mixture.

As seen in Subsection 3.2, the dual-spectrometer scheme
is not limited to the usage of isomer identification. It can also
be used in the selective control of molecular reaction dynam-
ics of two molecules, simultaneously. As long as the reaction
products we are interested in involve common peaks in the
two mass spectra, the dual-spectrometer scheme will be useful
because the GA optimization cannot be performed in a single
spectrometer. This selective control of ionization and/or dis-
sociation products has potential application in the purification
of molecular mixtures because one of the molecules may be
removed after having been dissociated or ionized. It can also
be used for obtaining products from one of the molecules in
a mixture in the circumstances that other molecules also yield
unwanted products under the irradiation of transform limited
pulse.

From the viewpoint of experimental technique, the dual-
spectrometer scheme will, of course, save some time for ex-
periment. For example, some GA optimization or even open
loop study needs to be done with the same pulse shape but un-
der two different experimental conditions simultaneously and
the two results are compared with each other. Doing the same
experiment with a dual-spectrometer will at least reduce half
of the time. For example, in some experiments, one needs to
compare the mass spectra from two different polarized laser
pulses. The dual-spectrometer scheme will be able not only
to obtain the two mass spectra at the same time but also to
save the time needed to rotate the polarization direction. This
amount of time is seemingly trivial for a single mass spectrum
but it will be very important in a lengthy GA optimization that
involves hundreds or thousands of mass spectra to acquire.

4. Conclusions

A dual-mass-spectrometer scheme is proposed in which
two mass spectrometers are used to obtain the time of flight
mass spectra of two different molecules at the same time under
the irradiation of same shaped femtosecond laser pulses. This

scheme is used for performing the isomeric identification, and

controlling the ionization and dissociation of acetone and its
isomers. The results show that the identification or control is
effective. It is impossible to carry out the same type of GA op-
timization with a single mass spectrometer. The phase space of
laser field in a closed loop feedback control is dramatically in-
creased compared with that in open loop study, which provides
more dimensions and greater degree of isomeric identification
and control. The independent measurement of isomers in two
TOF mass spectrometers eliminates the interference between
the same mass spectrum peaks.

In the present study, we select acetone and its isomers as
the sample, and limit GA optimization in sine phase space, to
demonstrate the feasibility of the dual-spectrometer scheme.
In future study, other isomer molecules with even closer struc-
tures and even similar mass spectra under the irradiation of a
transform limited pulse will be chosen as the sample. More
complex pulse structures will also be obtained using a ran-
dom phase. We will also use polarization shaped femtosecond
pulse,*?>#3] together with the dual-mass-spectrometer, to dis-
tinguish chiral isomers!>*! or to control the reaction from one
to the other.
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