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Abstract:  

We theoretically investigate the Autler-Townes (AT) splitting in the photoelectron 

spectra of four-level ladder K2 molecule driven by pump1-pump2-probe pulses via 

employing the time-dependent wave packet approach. The effect of the pump-2 laser 

intensity and wavelength on AT splitting is detailed studied for the first time. The 

triple splitting with asymmetric profiles arises due to the nonresonant excitation. The 

triple splitting is transformed into double splitting when the pump-2 detuning 

approached 21±  times of pump-1 Rabi frequency. The splitting between two 

sideband peaks in the triplet or doublet does not change with the pump-2 laser 

wavelength. The three peaks shift to lower energy with different shift as pump-2 

wavelength increases. The magnitude of AT splitting increases with increasing the 

pump-2 laser intensity. The asymptotic behaviors of AT splitting with pump-2 laser 

intensity are interesting in the threshold point of near resonant region and far-off 

resonant region. 
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1. Introduction 

The ac-Stark effect, also known as Autler-Townes (AT) splitting, occurs due to 

nonlinear interactions between light and matter in the presence of one or more strong 

variable radiation fields.
1
 In recent years, the dependence of AT splitting on laser 

parameters, such as laser intensity,
6,7,9,12-16,21

 pulse width,
4,5,17,19,20

 pulse envelope
21

 

and time delay
2,3

 etc. has been studied theoretically and experimentally in multi-level 

atomic/molecular system of various configurations.  

For three-level system, the AT double splitting generally can be observed by using 

a pump-probe laser configuration, and can be interpreted by the dressed-state theory. 

Wollenhaupt et al.
2,3 

observed experimentally the AT double splitting in photoelectron 

spectra of K atoms, and studied the effect of pump intensity and time delay on AT 

doublet. They suggested that the asymmetry of the splitting is due to the nonresonant 

excitation, and the splitting monotonically increases with the laser intensity. Sun and 

Lou
4
 obtained theoretically the AT double splitting in Na2 molecules, and studied the 

effect of pump intensity and pulse width on the splitting. The longer pulse can induce 

the asymmetry of doublet. Yuan et al.
5
 studied the effects of molecular rotation and 

alignment on the AT double splitting in Na2. Yao et al.
6
 observed the AT double 

splitting in K2 molecules, and suggested the pump intensity and wavelength determine 

the magnitude of splitting and the enhancement of peaks. 

Nonlinear effects due to the quantum coherence effect have also been studied in 

four-level atomic system of various configurations. The AT splitting in four-level 

system shares some similar features with that in three-level system. Wei et al.
7
 and 

Han et al
.8

 studied theoretically the ac Stark effect in a four-level V-type atomic 

system in the presence of three driving fields. It was found that the absorption spectra 

can have two or three peaks depending on the intensity and wavelength of the driving 

fields. The intensity and wavelength of the second driving field has effect on the AT 

splitting. They used the dressed state theory to explain the absorption peaks in the 

spectra. Many reports
9-12

 studied the AT effect in a strongly driven 

electromagnetically induced transparency (EIT) resonance with a four-level Λ-type 

atomic system,. It is found that the absorption spectrum has two or three peaks 
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structure in general and their positions and relative intensities are affected strongly by 

the intensities of the driving fields and their detuning. Echaniz et al.
13

 expected 

three-peak absorption spectra in four-state N-type atomic system, and studied the 

trajectories of three peaks as a function of Rabi frequencies and detunings of one 

couple field. The expectation is verified in a cold Rb sample. Dutta and Mahapatra
14

  

expected two or three-peaks emission spectra in four-state N-type atomic system, and 

suggested the double splitting increases with increasing intensity of one couple field. 

Sandhya
15

 studied the absorption profile of a four-level ladder atomic system 

interacting with three driving fields. It is expected that there is three-peak absorption 

(dynamic splitting) with strong middle transition coupling. The three-peak splitting is 

also observed in the absorption profiles in a photonic crystal doped with five-level 

nanoparticles, they also studied the features of triple splitting with different intensities 

and/of detuning.
16

 

For four-level ladder system, Meier et al.
17,18

 observed the AT triple splitting in Na2 

molecules driven by three driving fields, and studied the effect of pulse width on the 

ATsplitting. Longer pulse indicates asymmetric AT triplet. Hu et al.
19,20

 observed the 

AT triple splitting in Li2 molecules driven by three driving fields, and studied the 

effect of pulse width on the splitting. Longer pulse indicates asymmetric AT triple 

splitting. Yao and Zheng
21

 observed the AT triple splitting with asymmetric profiles 

in four-level K2 molecules driven by three driving fields in the near-resonant region, 

and studied the effect of intensity, wavelength and envelope on the AT splitting when 

the parameters of the three laser fields change simultaneously, they did not study the 

case in resonant and far-off resonant region. They also did not study the effect of the 

parameters of some pump laser field on the AT splitting. 

Most experimental and theoretical studies above on the dependence of AT splitting 

on laser intensity and wavelength are with the four-level N, V, and Λ configuration. 

Few works are with the ladder configuration. No studies focus on the effect of 

intensity and wavelength of the second pump pulse on AT splitting in four-level 

ladder K2 molecule. This paper presents new data on the nature of the AT splitting in 

the photoelectron spectra of four-level ladder K2 molecule driven by pump-1, pump-2 
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and probe pulses by the time-dependent quantum wave packet method. We discuss 

the effects of the pump-2 laser intensity and wavelength on AT splitting for three 

cases: resonant pulse, near resonant pulse, and far-off resonant pulse. The 

corresponding features are different at different intensities and/or wavelength of 

pump-2 pulses. 

2. Formalism 

In this paper, we model the four-level ladder K2 molecule by four electronic states, 

ground state +ΣgX 1 , two excited states +ΣuA 1  and +Π g

12 , and ionic ground state 

++ ΣgX 2 . For simplicity, they are abbreviated to X , A , 2 and +X in order. Fig.1 

sketches the potential energy curves of K2 relevant in this work. A similar model of 

the K2 molecule is also employed in experimental
22,23

 and theoretical studies.
21,24

 In 

our treatment, we consider the case that pump-1, pump-2 and probe laser fields are 

simultaneously applied to the K2 molecule. The molecule in the ground state X is 

resonantly excited to the excited state A by pump-1 laser pulse with the central 

wavelength 1λ =848nm. The pump-2 laser pulse with the central wavelength 

2λ =785nm then excites resonantly the molecule from A to 2 . Finally, the probe 

laser pulse with the central wavelength 3λ =785nm is used to detect the emitted 

photoelectron from the ionization state +X . We neglect the rotational degree of 

freedom in our treatment, since the rotational motion of the heavy K2 molecules is 

almost frozen on the femtosecond time scale.  

Under the Born-Oppenheimer approximation, the wavefunctions Ψ  can be 

obtained by solving the time-dependent Schrodinger equation 

i H
t

∂
Ψ = Ψ

∂
h                                                       (1) 

The Hamiltonian H of the system can be written as 

' '

SH H H T V H= + = + + ,                                                  (2) 
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 5

where SH T V= + is the Hamiltonian of the K2 molecule, T  is the operator of the 

kinetic energy of nuclei, V  is the potential energy of the system and 'H is the 

interaction between K2 molecule and laser field. For the four-state model, the wave 

functions can be written in the column vector 

( )TionAX ψψψψ ,,, 2=Ψ ,                                               (3) 

Where Xψ , Aψ , 2ψ and ionψ  are the wave functions for the ground state X ,excited 

states A and 2 ,and ionization state +X , respectively. The ionization state is a 

continuum state, and it is discretized into a band of quasicontinuum states in terms of 

the energies of emitted photoelectron for the numerical calculations. The ionization 

state ionψ  can be further expressed as 

( ) ( ) ( )( )TN
ion ψψψψ ,...,, 21= ,                                         (4) 

where N is the number of discrete states of K2 ion. 

The kinetic energy T can be expressed as 

2 2

22
T

Rµ
∂

= −
∂

h
T ,                                                   (5) 

Where µ  is the reduced mass of the nuclei, R is the distance between the nuclei in 

K2 molecule. 

1 0 0

0 1 0

0 0 1

 
 
 =
 
 
 % % % I

o

o

o

o o o

T , 

and ( )0,0,...,0=o  is a zero vector with N-component, %ois the transverse of the 

vector oand I is a NN × unit matrix. 

The potential V  can be expressed as 

2

0 0

0 0

0 0

X

A

V

V
V

V

 
 
 =
 
 
 % % % V

o

o

o

o o o

,                                               (6) 
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 6

where XV , AV and 2V  are the potential curves of the ground state X ,excited 

states A and 2 , respectively. And V  is a NN × matrix, which is the discretized 

states of ionization state +X . It can be written as 

( )

( )

( )

1

2

0 0

0 0

0 0 0

X

N

V

ξ

ξ

ξ

 
 
 

= + +  
 
 
 

L

L

M M O M
V I ,                                     (7) 

where 
( )iξ =(i-1) ξ∆  (i=1,2,…,N)is the energy of the emitted photoelectron. 

The interaction 'H between K2 molecule and laser field is given by 

2'

2

2

0 0

0
0

0 0

XA

XA A

XA i

i

W

W W
H

W

ο
ο

ο ο

 
 
 =
 
 
 %% %

W

W O

,                                        (8) 

where ( ) ( ) ( )( )1 2

2 2 2 2, ,...
N

i i i iW W W=%W  is the vector of coupling between 2 and +X states 

via laser field with N-component, and O is the NN × zero matrix. The coupling 

between two states via external laser field is given as follows 

( ) ( )
( ) ( )
( ) ( )

1 1

2 2 2

2 3 3

cos ,

cos ,

cos ,

XA

A

i

W R R t

W R R t

W R R t

ω

ω

ω

=

=

=

h

h

h

                                               (9) 

Where ( ) ( )1 1

1
XAR R e f tµ= ⋅

h
, ( ) ( )2 2 2

1
AR R e f tµ= ⋅

h
and ( ) ( )3 2 3

1
iR R e f tµ= ⋅

h
are 

the Rabi frequencies of laser fields for AX → states, 2→A states 

and +→ X2 states, respectively. ( )RXAµ , ( )RA2µ and ( )Ri2µ are the transition 

dipole moments between different electronic states, 1e , 2e , 3e  are the amplitudes of 

laser fields , 1ω , 2ω ,
3ω  are angular frequencies, and ( )tf  is the envelope which we 

chose to be a Gaussian function ( )[ ]2
/2ln4exp)( τttf ⋅−= . τ is the full width at half 

maximum (FWHM) of pulse, is 30 fs in our numerical calculations. 
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The photoelectron spectrum, as a function of the electronic energy ( )iξ , can be 

obtained as
18,25-27

 

( )( ) ( ) ( )( )2

,,lim ∫∞→= ii

t

i
tRdRP ξψξ .                                      (10) 

The potential energy curves of K2 molecule employed in our calculations are taken 

form ref.28-31. These potential curves are in good agreement with relevant 

spectroscopic constants of experimental results,
32-34

 and the detailed information of 

the potentials can be obtained from ref.35. The transition dipole moments are taken 

from ref.36 and 37. In this paper, the energies of the emitted photoelectron ( )iξ span 

over 0-2 eV, and the number of discrete states of the K2 ion, N, equals 120. The 

time-dependent Schrodinger equation (eq.(1)) is solved by ”split-operator Fourier” 

methods exactly.
37-41

 The K2 molecule is initially populated on its vibrational ground 

state of X state. 

3. Results and discussions 

Fig.2 shows the photoelectron spectra as a function of the pump-2 laser intensities 

I2 at I1=I3=4I0 (I0=1.0×10
11

 W/cm
2
), 1λ =848nm, and 2λ = 3λ =785 nm. The peaks of 

photoelectron spectra show the triple splitting with symmetric profiles, one central 

and two sideband peaks. The triple splitting with asymmetric profiles of K2 molecule 

has been obtained in the near resonant region of pump-1 with 785321 === λλλ nm. 

But the resonant case was not studied.
21

 The triplet with symmetric profiles has been 

observed in Na2 molecule
17,18 

and Li2 molecule.
19,20

 This is similar to the expected 

three-peak absorption (dynamic splitting) in four-level atomic system with various 

configurations interacting with three driving fields with strong middle transition 

coupling, i.e. 2 1 3,R R R� ,
7,8,10,11,13,15

 which can be explained in terms of the dressed 

state formalism. It is also observed in the absorption profiles in a photonic crystal 

doped with five-level nanoparticles.
16

 The splitting pattern of photoelectron spectrum 

is so-called AT splitting. In terms of the explanation of ac-Stark splitting in dressed 

state picture, the three-peak structure arises from the sufficient Rabi oscillation within 
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the resonant region during the ionization process.
4,17-21

 From the dressed state 

theory,
42

 the excited state 2  is dressed by the laser field and splits into three 

substrates, which correspond to the three peaks respectively. From Fig.2, we can see 

that the magnitude of the triple splitting increases with increasing the laser intensities 

of pump-2. This is similar to the observation in three-level K,
2,3

 Rb,
43

 K2,
6
 and Na2,

4
 

and four-level K2.
21

 A similar feature is shown in the absorption spectrum for 

four-level atomic system interacting with three driving fields.
7,8,10-15,44,45

 Fig.3 plots 

the peak positions for the spectra shown in Fig.2 as a function of pump-2 laser 

intensity I2 (Fig.3a) and pump-2 Rabi frequencies R2 (Fig.3b), respectively. The 

position of the central peak is around 0.474 eV, which simply is 

( )00 RVE Ikv −+∑ ωh ,
4,17,19

 0vE being the energy of vibrational ground state, kωh  

the photon energy, and ( )0RVI  the potential of +X state at equilibrium distance 

0R  of the neutral ground state, as indicated with arrows in Fig.1. The positions of 

these three peaks are at 0.474 2R− , 0.474, 0.474 2R+  (effective Rabi 

frequency 2

2

2

1 RRR += 2,8,10,13,17-21,46
), which correspond to three substates 

respectively, and this is plotted as a solid line in Fig.3b, which is seen to be in good 

agreement with the numerical results. It is easily to know the asymptotic behaviors for 

2 1R R� and 2 1R R� , respectively. When the pump-2 field is weak ( 2 1R R� ), there is 

a linear splitting proportional to 21R . On the other hand, with a very large 2R  

( 2 1R R� ), the two side peaks approach a linear splitting proportional to 22R . These 

are plotted as dashed straight lines and dotted straight lines in Fig.3b. 

Fig.4 demonstrates the photoelectron spectra for different wavelengths of pump-2 

(695 nm-895 nm) while keeping the pump-1 resonant, i.e. 1λ =848 nm, at I1=I2=I3=4I0. 

The pump-2 field detuning is given by 2 2 2Aω ω∆ = − , 2Aω  is the frequency of 

2→A  state. When the pump-2 has a zero detuning (i.e. 2λ =785 nm), the 

spectrum exhibits a triple splitting with symmetric profiles. Asymmetric profiles arise 
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as the pump-2 is moved off resonance 785 nm. The asymmetry of the splitting is due 

to the nonresonant excitation. This asymmetry has been observed in double splitting 

in three-level K atoms
2
 and K2 molecules.

6
 A similar feature is shown in the 

three-peak absorption profiles
45

 or emission spectra
14

 in four-level atomic system and 

in five-level atoms.
16

 The three peaks move toward the lower energy with increasing 

the pump-2 wavelengths. This is because that the longer wavelength indicates the 

lower photon energy, which results lower photoelectron energy. This is identical with 

the observation in K2 molecule with Secant pulse and square pulse by Yao and Zheng, 

but they did not give the results with Gaussian pulse.
21

 Fig.5 plots the peak positions 

for the spectra shown in Fig.4 as a function of pump-2 wavelength 2λ (Fig.5a) and 

pump-2 detuning 2∆ (Fig.5b), respectively. The linear fits are 0.311+0.986 2∆ , 

0.475+0.278 2∆ , and 0.641+0.981 2∆ , for peak1, peak2 and peak3, respectively. These 

indicate that the shifts of the three peaks are different, the two side peaks shift 

detuning 2∆ , while the central peak shift 1/4* 2∆ . This behavior of peaks shift is not 

shown in earlier works in four-level ladder system. Echaniz et al.
13

 studied the 

trajectories of three peaks as a function of detuning of the second couple field with 

four-level N-type Rb system. Their result indicates the peak shift is not linear to the 

detuning. Compare Fig.5 with Fig.3, we can see that the splitting between adjacent 

peaks in the triplet does not equal as that in the resonant case. This is agreement with 

the fluorescence spectra
9 

and absorption spectra
13

 in four-level atomic system and in 

five-level atoms
16

 in detuning case of driving field. However, the splitting (0.330eV) 

between two sideband peaks in the triplet does not change. As the pump-2 is detuned 

from the resonance wavelength 785 nm, the triple structure is transformed into double 

structure gradually. This is similar to the evolvement of the absorption spectrum as a 

function of the second driving field detuning while keeping the first driving field 

resonant in four-level V-type atomic system interacting with three driving fields.
7
 

When the pump-2 detuning approached 21R±  (i.e. 2λ =695 nm or 895 nm), there 

is an anticrossing between the states associated with one of the AT components and 
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the displaced central component. The doublet formed when the pump-2 detuning 

approached 21R±  as shown in Fig.4 is best discussed in terms of the doubly 

dressed states as illustrated in ref.7. 

The photoelectron spectrum at the anticrossing region is investigated further as a 

function of pump-2 laser intensity when the pump-2 detuning 2∆ equals 21R , i.e. 

7152 =λ nm. The result is shown in Fig.6. In the absence of the pump-2 field the 

spectrum is simply an AT doublet associated with the pump-1 field with two peaks at 

21R± . Introducing the pump-2 field causes a doublet splitting in one of these two 

peaks and results in a three-peak spectrum. This is agreement with the observation in 

absorption spectra in four-level Λ-type system
12

 and susceptibility in three-level 

Λ-type atom.
47

 The peak positions of these three components are plotted in Fig.7 as a 

function of I2 (Fig.7a) and R2 (Fig.7b), respectively, and are again agreement with the 

prediction of the dressed-state formalism (solid lines in Fig.7b). In particular, when 

the pump-2 field is weak (
2 1R R� ), there is a linear splitting proportional to 22R  

in one of the AT components (see dashed lines in Fig.7b). on the other hand, with a 

very large 2R  ( 2 1R R� ) the position of the inner component approaches zero 

detuning (0.637eV), and the two outer components approach a linear splitting 

proportional to 2R .  

Fig.8 shows the influences of the pump-2 wavelength on the photoelectron spectra 

in the far-off resonant case of pump-2 laser field ( 212 RR > ). For very large 

detuning∆ 2, the pump-2 field introduces negligible modification to the probe field 

response and the dominant feature of the photoelectron spectrum is an AT doublet. 

Similar to the case in the near resonant region in Fig.4, the two peaks shift to the 

lower energy with increasing the pump-2 wavelength, due to the longer wavelength 

indicating the lower photon energy, which results in lower photoelectron energy. 

Fig.9 plots the peaks positions for the spectra shown in Fig.6 as a function of pump-2 

wavelength 2λ (Fig.9a) and pump-2 detuning 2∆ (Fig.9b), respectively. From Fig.9, 
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It is noted that the magnitude of the double splitting does not change with the pump-2 

laser wavelength in the far-off resonant case, which is the same as that in the near 

resonant region. The linear fits are 0.321+0.989∆ 2 and 0.650+0.996∆ 2 for the two 

peaks, respectively, indicates that both peaks shift detuning 2∆ . 

4. Conclusion and outlook 

In this paper, we theoretical investigated the nature of AT splitting in the 

photoelectron spectra of the four-level ladder K2 molecule by employing the 

time-dependent wave packet approach. The observation of photoelectron spectra maps 

the information on dressed states. We discuss the effects of the laser intensity and 

wavelength of pump-2 on the AT splitting for three cases: resonant pulse, near 

resonant pulse, and far-off resonant pulse.  

In resonant region, For fixed intensities of pump-1 and probe fields, The 

photoelectron spectra show the triple splitting with symmetric profiles (in peak height 

and splitting of two adjacent peaks), and the AT splitting increases with increasing 

pump-2 intensity. When the pump-2 field is weak ( 2 1R R� ), there is a linear splitting 

proportional to 21R . On the other hand, with a very large 2R  (
2 1R R� ), the two side 

peaks approach a linear splitting proportional to 22R . 

In the near resonant region, for the fixed intensities of three fields, the 

photoelectron spectra show the triple splitting with asymmetric profiles (in peak 

height and splitting of two adjacent peaks), and the splitting (0.330 eV) between two 

sideband peaks in the triplet does not change with the pump-2 laser wavelength. The 

peaks shift to lower energy with different shift as pump-2 wavelength increases. Both 

two side peaks shift pump-2 detuning 2∆ , while the central peak shift 1/4* 2∆ . As the 

pump-2 is detuned from the resonance wavelength 785 nm, the triple structure is 

transformed into double structure gradually. The doublet formed when the pump-2 

detuning
2∆ approached 21R± (i.e. 2λ =695 nm or 895 nm), which is the threshold 

point of near resonant region and far-off resonant region. 
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In the threshold point of near resonant region and far-off resonant region, e.g. 

2λ =695nm, in the absence of the pump-2 field the spectrum is simply an AT doublet 

associated with the pump-1 field with two peaks at 21R± . Introducing the pump-2 

field causes a doublet splitting in one of these two peaks and results in a three-peak 

spectrum. When the pump-2 field is weak ( 2 1R R� ), there is a linear splitting 

proportional to 22R  in one of the AT components. on the other hand, with a very 

large 2R  ( 2 1R R� ) the position of the inner component approaches zero detuning 

(0.637eV), and the two outer components approach a linear splitting proportional to 

2R . 

In the far-off resonant region, for the fixed intensities of three fields, the peaks of 

photoelectron spectra show the double splitting with asymmetric profiles (in peak 

height), and the splitting (0.330 eV) between the two peaks does not change with 

increasing the pump-2 laser wavelengths. Both peaks shift to lower energy by pump-2 

detuning 2∆ with increasing pump-2 wavelength. 
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Figure captions: 

Figure 1. Potential energy curves of K2 molecule used in the work. The arrows 

indicate the excitation energy of 1.462 eV (848 nm), 1.579 eV (785 nm), and 1.579 

eV (785 nm)respectively. 

Figure 2. The photoelectron spectra for various laser intensities of pump-2. The 

parameters are as follows: I0=1.0 × 10
11

W/cm
2
, I1=I3=4I0, 1λ =848nm, 2λ =

3λ  

=785nm, τ =30fs. 

Figure 3. Peak positions for the spectra in Fig.2 as function of (a) pump-2 laser 

intensity I2 and (b) pump-2 Rabi frequency R2. Also shown is the result using the 

dressed-state formalism (curves in solid lines). The dashed straight lines and dotted 

straight lines indicate the asymptotic behaviors for 
2 1R R� and

2 1R R� , respectively. 

All the other parameters are the same as those in Fig.2. 

Figure 4. The photoelectron spectra for various pump-2 laser wavelengths 

(695nm-895nm) with pump-1 resonant. The parameters are as follows: I0=1.0×10
11

 

W/cm
2
, I1=I2=I3=4I0, 1λ =848nm, 3λ  =785 nm, τ =30fs. 

Figure 5. Peak position for the spectra in Fig.4 versus (a) pump-2 laser wavelengths 

2λ and (b) pump-2 detuning 2∆ . Other parameters are the same as those in Fig.4. 

Figure 6. The photoelectron spectra for various pump-2 laser intensity with 

2 1 2R∆ = . The parameters are as follows: I0=1.0×10
11

 W/cm
2
, I1 =I3=4I0, 1λ =848nm, 

2λ =715 nm 3λ =785 nm, τ =30fs 

Figure 7. Peak positions for the spectra in Fig.6 versus (a) pump-2 laser intensity I2. 

(b) pump-2 Rabi frequency R2. Also shown is the result using the dressed-state 

formalism (curves in solid lines). The dashed straight lines and dotted straight lines 

indicate the asymptotic behaviors for 
2 1R R�  and

2 1R R� . All the other parameters 

are the same as those in Fig.6. 

Figure 8. The photoelectron spectra for various pump-2 laser wavelengths 
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(455nm-695nm) with pump-1 resonant. The parameters are as follows: I0=1.0×10
11

 

W/cm
2
, I1=I2=I3=4I0, 1λ =848nm, 3λ  =785 nm, τ =30fs. 

Figure 9. Peak positions for the spectra in Fig.8 versus (a) pump-2 laser wavelengths 

and (b) pump-2 detuning 2∆ . All the other parameters are the same as those in Fig.8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 17 of 23 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



 

 18

 

 

Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 18 of 23Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



 

 19

 

 

Figure 2 

 

 

 

Figure 3 

 

 

 

 

 

 

Page 19 of 23 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



 

 20

 

 

Figure 4 

 

 

Figure 5 

 

 

 

Page 20 of 23Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



 

 21

 

 

Figure 6 

 

Figure 7 

 

 

 

 

Page 21 of 23 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



 

 22

 

 

Figure 8 

 

 

Figure 9 

 

Page 22 of 23Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



 
 

The Autler-Townes (AT) splitting is theoretically investigated in the photoelectron 

spectra of four-level ladder K2 molecule driven by pump1-pump2-probe pulses via 

employing the time-dependent wave packet approach. 
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