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Coherent control of fragmentation of CH3I using shaped femtosecond pulse train is investigated. The dissociation
processes can be modulated by changing the separation of the shaped pulse train, and the yield of I+ under the irradiation
of the optimal pulse is significantly increased compared with that using the transform-limited pulse. We discuss the control
mechanism of dissociation processes with coherent interference in time domain. A three-pulse control model is proposed
to explain the counterintuitive experimental results.
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1. Introduction
The control of molecular fragmentation induced by laser

is a fundamental goal with many important applications in
controlling physical, chemical, and biological processes. The
selective breaking and reforming of chemical bonds are the
key of molecular fragmentation control, which can be used
to exclusively acquire the desired products. However, due to
the complexity of the molecular structure, it is quite difficult
to control the dissociation processes using a single simple in-
frared laser pulse. The combination of developed detection
techniques and state-of-the art laser manipulation techniques
makes the control possible. Many different detection methods
have been employed to probe the photodissociation processes,
such as time-of-flight mass spectroscopy (TOFMS) with high
resolution of species,[1] ion velocity map imaging (VMI),[2,3]

and photoelectron photoion coincidence (PEPICO).[4–6] On
the other hand, a large variety of laser fields have been used
to study the photodissociation dynamics. For instance, the lin-
early or circularly polarized chirped laser pulses enhanced the
dissociation by ladder climbing.[7] A weak ultraviolet (UV)
laser combined with an intense infrared (IR) laser could facili-
tate the dissociation processes.[8] There are also many research
works on dissociation processes using extreme ultraviolet laser
(XUV),[9–11] single-cycle terahertz laser, and few-cycle laser
with controllable carrier envelope phase (CEP).[12,13]

Coherent control is a robust method of controlling disso-
ciation processes using multiple quantum pathways interfer-
ence, which can enhance the desired process among the differ-
ent competition processes. In the past, bond-selected chem-

istry has been extensively studied by both experiment[14,15]

and theory.[16,17] For example, the branching ratios of disso-
ciation processes can be manipulated by the dynamic Stark
effect,[18] conical intersections induced by laser,[19] and co-
herent adiabatic passage.[20] The development in laser pulse
shaping techniques promotes the coherent control of chemical
reactions. By the pulse shaping techniques, one can stretch
the pulse from tens of femtoseconds to tens of picoseconds,
and modulate the linear chirp and the relative phase of the
laser pulses. Therefore, we can design the laser pulses to
achieve arbitrary chemical bond breaking by selectively intro-
ducing energy into the molecule system. The optimal control
theory (OCT)[21] has emerged to achieve the selective con-
trol without the prediction of the fragmentation mechanism.
The closed-loop optimal feedback control steers the disso-
ciation towards a pre-designed product. So far, there have
been many closed-loop control experiments and theories for
different molecules.[22] Due to the breakthrough of the few-
cycle carrier envelope phase (CEP) stable laser, one can mod-
ulate the dissociation processes by controlling the CEP of the
ultrafast optical field. For instance, Xie and co-workers[23]

found that the variation of CEP can selectively remove the re-
scattering energy of special valence electrons and achieve the
control of molecular fragmentation processes.

Methyl iodide (CH3I), as a polar molecule with C3v sym-
metry, has been extensively studied. The dissociation pro-
cesses were investigated via high-resolution TOFMS,[1] ion
VMI,[2] and zero kinetic energy (ZEKE) spectra,[24] which
enables us to acquire the knowledge of the molecular poten-
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tial energy curves and dissociation mechanism. The A-band

photodissociation is a typical topic for studying the dissocia-

tion dynamics of CH3I.[25–27] The A-band photodissociation

results in two different dissociation pathways: (i) the strong

parallel transition to the 3Q0 state that produces CH3 and spin–

orbit excited I∗(2P1/2); (ii) the weak perpendicular transitions

to the 3Q1 and 1Q1 states that produce CH3 and ground state

I(2P3/2). The control of the two dissociation pathways has

been carried out with nanosecond lasers and two femtosec-

ond lasers using the pump–probe technique. When the pulses

are shorter than 100 fs, compared to direct photodissociation,

the molecule is more likely to first ionize to yield the molec-

ular ion and then subsequently dissociate into fragment ions.

The dissociation dynamics of molecular ion CH3I+ induced by

intense few-cycle laser have been studied,[28] which demon-

strates that the spin–orbit states of C–I dissociation can be

selectively modulated. The dissociative ionization (DI) and

Coulomb explosion (CE) of CH3I have been investigated us-

ing VMI and femtosecond XUV spectroscopy.[10] Some the-

oretical work of the potential energy surfaces has also been

reported.[9]

The aim of this work is to investigate the dissociation dy-

namics of CH3I irradiated by shaped femtosecond pulse trains.

By analyzing the kinetic energy releases (KER) of the frag-

ment ion I+, we can identify the DI and CE channels us-

ing the transform-limited (TL) and shaped femtosecond pulse

train. Moreover, the dissociation process can be modulated by

changing the sub-pulse separation, and the yield of I+ irradi-

ated by the optimal pulse is significantly increased compared

with that using TL pulse. The modulation mechanism of the

dissociation process is discussed based on coherent interfer-

ence in time domain. A three-pulse control model is proposed

to explain the counterintuitive experimental results.

2. Experimental setup
The experimental setup, depicted schematically in Fig. 1,

has been described in detail elsewhere.[29] Briefly, our exper-
iments are performed using a standard VMI system similar to
that of Eppink.[2] The mixture of 10% CH3I seeded in He, at a
stagnation pressure of 4 bar, is expanded into the source cham-
ber through a pulsed valve (General Valve Series 9, 0.5 mm
orifice). Before entering the interaction chamber, the super-
sonic molecular beam is directed through a 0.5 mm skimmer.
The ions generated in the interaction region are extracted and
accelerated using the electrostatic lens system at the end of the
TOF tube and projected onto a 2D detector composed of two
microchannel plates (MCPs) in a chevron configuration cou-
pled to a phosphor screen. The mass spectrometry is obtained
and averaged by connecting the photomultiplier tube (PMT),
which transfers to the oscilloscope output with the computer.

The laser system is a Ti: sapphire chirped-pulse ampli-
fication laser (Millennia feed laser, Spectra-Physics Tsunami
oscillator, and Spitfire amplifier) with the central wavelength
of 800 nm, the pulse duration of 100 fs, and the repetition rate
of 1 kHz. The laser pulse from the oscillator is directed into
the pulse shaper and the shaped pulse is generated. Then, the
shaped pulse passes through the amplifier, after which the en-
ergy of the single pulse can reach 200 µJ. Finally, the laser
beam is focused via a lens with a focal length of 25 cm into
the interaction chamber. The pulse shaper in the present exper-
iments is similar to that used in our previous work. The pulse
is shaped by a dual-mask spatial light modulator (CRI Inc.,
SLM-640). A pair of cylindrical lenses ( f = 300 mm) and
gratings (2000 grooves/mm) are used to spectrally disperse (at
the input) and recollimate (at the output) the laser pulse. A
train of three equally spaced femtosecond laser pulses is used
to control the CH3I molecular dissociation in our experiment.
The multiphoton intrapulse interference phase scan (MIIPS)
method[30,31] is used to ensure that a pulse without any phase
through the pulse shaper is still a TL pulse.

evolution
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Fig. 1. Schematic diagram of the experimental setup. The pulse shaper is placed between oscillator and amplifier. The shaped pulse is focused
into the VMI setup. A half-wave plate and a Glan–Talor prism are used to change the laser intensity. A removeable gold mirror is used to
reflect the laser pulse into the laser intensity meter for energy measurement.
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3. Results and discussion
3.1. Fragmentation with a TL pulse

In this section, a detailed analysis of TL laser-induced
fragmentation of CH3I is presented. The intensity of the TL
pulse at the focal point is about 7×1013 W·cm−2, which is
our intentional decision based on the experimental research.
Our aim is to study the modulation of fragmentation induced
by two mechanisms using shaping pulse when the DI (strong)
and the CE (weak) processes are simultaneously present. The
2D velocity images of fragment ion I+ are measured using the
VMI system. By analyzing the KER distribution of the frag-
ment ion, we can identify the dissociation channels. The KER
distribution extracted from the 2D velocity images by the in-
tegration over the full range of angle is shown in Fig. 2, which
carries two distinctive peaks, one at low kinetic energy and the
other at high kinetic energy. The peak at low kinetic energy ex-
hibits a more obvious shoulder than that at high kinetic energy.
Liu and co-works[32] proposed that each dissociation channel
corresponds to a Gaussian peak in the KERS distribution. In
the present experiment, a Gaussian distribution is assumed for
each channel

Gq(p,q) =
2C

W
√

2
exp

[
− (E−E0)

2

W 2

]
, (1)

where Gq(p,q) denotes the charge numbers of the CHp+
3 and

I
q+

fragments from the dissociation channel, E0 and W are the
peak value and the FWHM of the KER distribution, respec-
tively, and C is the normalization factor. As shown in Fig. 2,
the combination of four Gaussian distributions of Eq. (1)
achieves a almost perfect fit for the four I

+
KER distribution.

In the following section, each individual channel produc-
ing fragment ion I

+
is identified. When the intensity of the TL

pulse is weak, the dissociation processes of CH3I follow the
multiphoton DI mechanism. Therefore, the CH3I molecule is
first ionized to produce the parent ion CH3I+, and then disso-
ciated via additional photon absorption. But when the inten-
sity of the TL pulse is strong, the parent ion is continuously
ionized to form a higher charged parent ion and then produce
the I

+
fragment with higher kinetic energy by CE. We define

the fragmentation channel of I
+

as Gq(p,q): CH3I(p+q)+ →
CHp+

3 +Iq+.
The values of two peaks in the low kinetic energy region

from Fig. 2 are 0.08 eV and 0.21 eV, which belong to the two
DI channels G1(0,1) and G1(0,1′). Because the intensities
of the two peaks hardly change with the increase of the laser
intensity, those of the CE channels will increase. The inter-
mediate ionized CH3I+(X) ion of the DI channel resides tem-
porally in the vibrational ground state which consists of the
spin orbit rotational manifold (lower 2E3/2 and upper 2E1/2).
Since the rotational constants of CH3I+(X), A = 5.200 cm−1

and B= 0.253 cm−1, are almost the same as those of CH3I(X),
A = 5.174 cm−1 and B = 0.250 cm−1, the probability of the
vertical transition is larger due to the higher Franck–Condon
factor. Table 1 shows the theoretical dissociation energies and
KER distributions of DI channels resulting from the three (or
two) photons excitations of CH3I+(X, 2E3/2) and CH3I+(X,
2E1/2) parent ions, as well as the experimental KER distri-
butions of our work and other research groups for compari-
son. Therefore, the two DI channels G1(0,1) and G1(0,1′)
correspond to CH3I+(X, 2E3/2)→ CH3(2A′′)+I+(3P1,0) and
CH3I+(X, 2E3/2)→ CH3(2A′′)+I+(3P2), respectively.
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Fig. 2. The KER distribution extracted from the 2D velocity image us-
ing TL pulse. Black circle is the experimental curve, and the red solid
line is the fit curve. The green solid lines indicate the four components
of Gaussian distributions with Eq. (1). The inset is the ion velocity
image using TL pulse.

Table 1. The calculated I+ KERs of the n-photon dissociation channels of CH3I+ and the observed I+ KERs by Liu et al.,[31] Wang
et al.,[32] and in the present work.

Dissociation channels of CH3I+
Dissociation

n
Calculated Experimental KER/eV

energy/eV KER/eV Liu Wang Our work
CH3I+(X, 2E1/2)→ CH3(

2A′′)+I+(3P2) 0.39 2 0.04 0.03
CH3I+(X, 2E3/2)→ CH3(

2A′′)+I+(3P2) 1.32 3 0.14 0.16 0.21
CH3I+(X, 2E1/2)→ CH3(

2A′′)+I+(3P1,0) 1.11 3 0.11 0.09
CH3I+(X, 2E3/2)→ CH3(

2A′′)+I+(3P1,0) 0.48 3 0.07 0.07± 0.03 0.08

The values of two peaks in the high kinetic energy re-

gion from Fig. 2 are 0.51 eV and 0.61 eV, which belong to the

two channels G1(1,1) and G1(1,1′) resulting from the CE of

CH3I2+. Table 2 shows the experimental KER distributions of

the CE channels, where the KER distributions obtained from

other research groups are smaller than that obtained in our
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work. The laser pulse duration is 180 fs in the experiment
of Liu group, 35 fs and 50 fs in the experiments of Wang et
al. and Corrales et al., which indicates that the differences in
the KER distributions are not due to the laser pulse duration.

Comparing the KER distributions with those in our experiment
in Fig. 2, one can find that the right side of the fit curve is ab-
sent. We propose that it can be attributed to the contribution
of higher charged CE channels.

Table 2. The I+ KERs of CE channels observed by Liu et al.,[32] Wang et al.,[33] Corrales et al.,[19] and in the present work.

Coulomb explosion channels (p,q)
Experimental KER/eV

Our work Liu et al. Wang et al. Corrales et al.
CH3I2+→ CH+

3 + I+(3P1,0), G(1,1) 0.51 0.46
CH3I2+→ CH+

3 + I+(3P2), G(1,1′) 0.61 0.43 0.46 0.55

3.2. Coherent control of fragmentation with shape pulse
train

A pulse train with evenly spaced sub-pulses is produced
experimentally with the sinusoidal phase function[34]

ϕ(ω) = Asin[(ω−ωref)T +φ ], (2)

where A defines the amplitude of the modulation function, T
is the frequency of the sinusoidal function oscillation, and ϕ

is the constant phase offset. The ωref is introduced experimen-
tally to describe the initial reference angular frequency of the
sinusoidal phase function with respect to the central angular
frequency of the laser spectrum. The temporal separation be-
tween sub-pulses is determined by the parameter T . In order
to select a pulse train that can be used to control the fragmen-
tation, we fix A at 1.2566, which generates a three-pulse train.
The envelope of each sub-pulse is a replica of the unmodu-
lated pulse envelope with reduced intensity, and the difference
of relative phases between adjacent sub-pulses is determined
by ∆ωT +φ , where ∆ω = ω0−ωref denotes the difference be-
tween the laser carrier frequency and the reference frequency
of the sinusoidal phase function. The ϕ is fixed at 0, then the
difference of relative phases is determined by Φdif = ∆ωT .

In this section, we present the experimental KER distri-
butions obtained under the shaped pulse train with the same
energy as that of the TL pulse. By scanning the value of T
from about 150 fs to 440 fs, the KER distributions upon the
variation of the pulse separation are mapped in Fig. 3. When
the pulse separation is small (< 190 fs) or large (> 300 fs),
the intensities of I+ are so weak that the peaks are absent.
For the pulse separation ranging from 190 fs to 300 fs, the
KER distributions are similar to those under the TL pulse, and
all distributions show two main peaks corresponding to the
DI channels (low energy peak) and CE channels (high energy
peak), respectively. The peak positions hardly change with the
variation of the pulse separation with respect to those under
the TL pulse. Moreover, there is an optimal pulse train (at
T = 208 fs) that makes the two peaks simultaneously reach
the maxima, which indicates that the shaped pulse train can
achieve the modulation of the KER distribution of the I+ frag-
ment. We also find that the intensity of CE channel’s peak
is generally stronger than that of DI channel’s peak for the

shaped pulse train, which is exactly the opposite to the case
for the TL pulse (shown in Fig. 2). Figure 4 shows the KER
distributions using the TL pulse and optimal pulse train, where
the intensities of the vertical axis represent the counts of VMI.
Counterintuitively, both intensities of the DI and CE channels
using the shaped pulse train are nearly an order of magnitude
larger than those using the TL pulse. For the curve using the
shaped pulse train, the intensity of the CE channel is stronger
than that of the DI channel.
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Fig. 3. The KER distributions upon the variation of the separation of
shaped pulse train. The inset is the schematic diagram of the shaped
pulse train.
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Fig. 4. The KER distributions using TL pulse (red) and optimal pulse
train (black).

To investigate the control over different fragmentation
channels of I+ using shaped pulse train, we integrate the KER
distribution respect to the corresponding peak to obtain the
curves of the intensities of different channels with the pulse
separation. Since the two peaks of the CE channels overlap,
we integrate the two CE channels as one peak, and the same
operation is performed for the two peaks of the DI channels.
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Figure 5 shows the intensities of fragment ions I+ from differ-
ent channels as a function of the pulse separation (or the delay
of pump–probe experiment). The intensities are normalized
respect to that of the corresponding channel using TL pulse.
Regardless of DI channels, CE channels, or all channels, the
intensities (red curves) of fragment ion I+ as a function of the
pulse separation show the same patterns. When T = 208 fs,
the intensities reach the maxima. The intensity of DI channel
is 6 times higher than that of TL pulse, and those of CE chan-
nel and all channels are 7 times and 6.4 times, respectively.
Compared with that of the DI channel, the intensity of the CE
channel increases acutely, which will be discussed later in de-
tail. In addition, the previous work of our research group[35]

using shaped pulse train combined with TOFS performed the
study on the DI processes of CH3I molecule, wherein the same
parametric values of the sinusoidal phase modulated function
were chosen. The intensity of the fragment ion I+ reached the
maximum at T = 200 fs, which is almost consistent with the
result of our present work (T = 208 fs). For the pump–probe
experiment results (blue curves) in Fig. 5, we do not find sig-
nificant modulation with the delay, and the intensities of frag-
ment ions I+ from all channels for pump–probe are lower than
those for the shaped pulse near T = 208 fs. In addition, the
energy of the shaped pulse train and pump–probe experiment
is the same as that of the TL pulse.
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Fig. 5. The intensities of fragment ions I+ from (a) DI, (b) CE, and (c)
all channels as a function of the separation of the shaped pulse train. The
intensities are normalized respect to that of the corresponding channel
using TL pulse. The red (blue) curves are the results using the shaped
pulse (pump–probe experiment).

Due to the short pulse duration, the dominant dissocia-

tion mechanism is DI. For the shaped pulse train, the equiv-
alent duration is larger than that of the TL pulse. Moreover,
because of the effect of multiple sub-pulses, the photodisso-
ciation of CH3I in its A-band is likely to happen using the
shaped pulse train. The dominant transition in A-band at the
wavelength used in the present work is to the 3Q0 state (par-
allel transition) by absorbing three 800 nm photons, which
leads to direct C–I bond cleavage into a methyl radical and
a spin–orbit excited iodine atom (2P1/2). Two weak transi-
tions are accessible through dipole allowed transition: perpen-
dicular transition to 1Q1 and 1Q1←3Q0 via a curve crossing.
Both transitions produce a methyl radical and a ground state
iodine atom (2P3/2). The real time photodissociation dynam-
ics of CH3I from A-band have been studied using femtosecond
pump–probe in combination with VMI, where the intensities
of I atom, CH3 radical and the ratio I/ CH3 can be generally
controlled.[25–27]

The control mechanism in the present study might be
the modulation of A-band photodissociation, which ultimately
leads to the modulation of intensity of the I+ fragment ionized
from the neutral iodine atom. However, the previous research
results have confirmed that the dissociation time of all pho-
todissociation channels from A-band is less than 150 fs.[36]

For the optimal pulse train (T = 208 fs) in the present study,
the photodissociation processes have already been completed
before the arrival of the subsequent sub-pulses. Therefore, the
control mechanism is not the modulation of the A-band pho-
todissociation.

One possible way to rationalize the counterintuitive re-
sults is to consider the modulation of ionization processes of
CH3I under the irradiation of the shaped pulse train, where a
qualitative control mechanism of the three pulses is proposed.
This is mainly attributed to two reasons. One is that we did
not see the modulation of iodide ion’s intensity with the delay
in the pump–probe experiment in Fig. 5. The intensity does
not change significantly with the delay of pump–probe. The
other is that the intensities of all fragment ions have increased
significantly (the results will be presented and discussed in a
follow-up paper). If the control is implemented via the mod-
ulation of the branching ratio of the dissociation channel, the
intensities of all fragment ions will not increase, instead of
the decrease of the fragment ion produced by the suppressed
channel. We believe that the structure and phase of the shaped
pulse rather than the effective duration is crucial to the mod-
ulation, which has been successfully proven in the frequency
domain in our previous work.[33] This interesting and coun-
terintuitive mechanism is attracting many researchers to carry
out the study of shaped pulse coherent control. Because when
the laser energy is the same, the intensity of the shaped pulse
is lower than that of the TL pulse, but the yield of the shaped
pulse is larger than that of the TL pulse. Figure 6 shows a
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schematic illustration of the control mechanism. The ioniza-
tion energy of CH3I is about 9.54 eV, which indicates that the
ionization from CH3I(X1A1) to CH3I+(X2E3/2,1/2) requires to
absorb seven 800 nm photons via the multiphoton process. By
absorbing photons from X2E3/2,1/2 to B2E3/2,1/2, CH3I+ dis-
sociates into CH3 and I+. We call the former two sub-pulses
ionizing pulses, the third sub-pulse dissociative pulse, and pro-
pose that the assembly of ionization processes is the coherent
interference between the two independent wave packets ex-
cited by the two ionizing pulses in the time domain. The delay
between two wave packets is determined by T . The difference
of phase between the two wave packets is Φdif = ∆ωT ,which
is exactly the difference of phase between two adjacent sub-
pulses. For this qualitative interference model, we assume that
the ionization process is a transition from the ground state of
the CH3I molecule to the singlet excited state (ωn). The ion-
ization wave functions excited by the two ionizing pulses are
simply written as

ψ1 ∝ Ae−iωnt , (3)

ψ2 ∝ Be−iωn[(t+T )+Φdif], (4)

where A and B are the constants associated with the transition
probability. The interference of wave functions ψ = ψ1 +ψ2 .
The intensity of the total ionization processes measured in ex-
periment is given by

I ∝ A2 +B2 +ABcos(ωnT +Φdif). (5)

From Eq. (5), we can deduce that the intensity of ionization
oscillates and is modulated by T and Φdif determined by the
phase parameters of the shaped pulse train. Considering the
interference of wave packets, only when the two wave packets
are in phase (T and Φdif are selected as few special values),
the intensity of the total ionization processes will significantly
enhance via constructive interference. However, the absence
of modulation in the pump–probe experiment is because Φdif

is unlocked and unmodulated.
Therefore, for the three pulses control mechanism, the

former two sub-pulses are the key to the modulation of yield
of fragment ion I+ for the DI channels. With the movement of
the wave packet on the potential energy surface, the delay T
determines the photon energy of the transition from X2E3/2,1/2

to dissociation state B2E3/2,1/2. After the unique delay of T ,
the third sub-pulse arrives and maximizes the fragmentation.
The two processes of ionization interference and maximizing
dissociation work together and lead to the modulation of the I+

fragment yield. This is the reason that the peak intensities of
KER distribution in Fig. 3 and the yield of I+ in Fig. 5 do not
oscillate with the pulse separation. In addition, we believe that
the narrower scan range of pulse separation in our experiment
might not show the whole oscillation period determined by ωn.

As the pulse separation gradually increases, the stronger vibra-
tive decoherence effect of CH3I (< 1 ps) will also significantly
reduce the yield and dissipate the oscillation.
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Fig. 6. Schematic diagram of the control mechanism for DI channel.
(a) The assemble of ionization processes is the coherent interference
between the two independent wave packets excited by the former two
ionizing pulses in the time domain. After a delay of T , the third sub-
pulse arrives and leads to the dissociation (DI and CE). (b) The temporal
separation between adjacent sub-pulses is determined by the parameter
T . The difference of relative phases between adjacent sub-pulses is de-
termined by Φdif = ∆ωT .

Compared with the case under the TL pulse, the increase
in intensity of CE channel is almost the same as that of DI
channel using the shaped pulse train in Fig. 5. But it is diffi-
cult for two competitive dissociation mechanisms (DI and CE)
to produce the same increase in yield. In addition, the inten-
sities of all fragment ions have increased significantly. There-
fore, we can infer that the modulation mainly occurs during the
ionization processes, rather than during the dissociation pro-
cesses. We believe that the same modulation mechanisms in
DI and CE lead to the control on the yield of fragment ion I+.
As shown in Fig. 6, the former two sub-pulses cause the mod-
ulation of yield of fragment ion I+ for the CE channels. After
the unique delay of T , the third sub-pulse arrives and maxi-
mizes the fragmentation of the CE channels. In addition, most
of studies show a purely repulsive character in the potential en-
ergy surface of doubly charged parent ions CH3I2+.[37,38] But
B2E3/2,1/2 of the DI channel has a small potential well trap-
ping a few particles, which leads to the increase in the yield of
CE channels slightly higher than that of DI channels. Further
research needs to be carried out in wave packet interference
and decoherence effect in the time domain.
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4. Conclusion
We perform a study of coherent control on fragmentation

of CH3I by shaped femtosecond pulse train. The dissocia-
tion channels of fragment ion I+ using TL pulse are identified
via the analysis of KER distribution. By changing the sepa-
ration of the shaped pulse train, the modulation of the KER
distribution of I+ fragment is achieved. Moreover, it is the
optimal pulse train (with T = 208 fs) that makes the inten-
sities of dissociation channels simultaneously reach the max-
ima. Compared with the TL pulse, both yields of DI and CE
channels significantly increase. A three-pulse control model is
proposed to explain the counterintuitive experimental results.
We believe that the modulation of ionization processes leads to
the control over fragmentation of CH3I using the shaped pulse
train, The assembly of ionization processes is the coherent in-
terference between the two independent wave packets excited
by the two ionizing pulses in the time domain. When T and
Φdif are selected as few special values, the two wave packets
are in phase, and the intensity of the total ionization processes
significantly enhances via constructive interference. The third
sub-pulse arrives and leads to the fragmentation. The present
study is beneficial for us to understand the coherent control
mechanism. The wave packet interference and decoherence
effect during molecular dissociation processes will be further
investigated in time domain using shaped pulse. In addition,
the effect of alignment will also be studied by measuring the
angular distributions of fragments.
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